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INTRODUCTION 

Vitamins  have  assumed  a  high  degree  of  importance  since  the  first 
one  was  discovered  some  30  years  ago.  The  list  of  factors  included 
under  this  category  is  a  long  and  continually  growing  one,  but  at  the 
present  time  vitamins  A,  B,  and  C  are  definitely  known  to  be  essential 
to  the  human  adult.  In  addition  to  these  three,  children  need  a 
fourth — vitamin  D.  The  vitamin  D  requirement  of  the  adult  has  not 
yet  been  determined. 

Vitamin  E,  which  is  generally  included  in  any  discussion  of  vitamins, 
is  essential  to  rats  and  possibly  some  animals  of  larger  species,  but 
its  function  in  human  nutrition  has  not  been  demonstrated. 

Vitamin  G,  known  for  some  time  to  be  needed  by  animals,  will  in 
all  probability  be  shown  to  be  an  essential  constituent  of  the  diet  of 
man.  At  one  time  vitamin  G  was  thought  to  be  identical  with  the 
factor  preventive  of  pellagra,  but  it  has  recently  been  shown  that 
the  substance  actually  dealt  with  in  most  of  the  vitamin  G  studies  is 
a  flavin  and  not  the  "pellagra-pre venting  factor." 

The  results  of  researches  as  they  have  accumulated  from  year  to 
year  indicate  a  quantitative  relationship  between  normal  physiological 
function  and  vitamin  intake.     Deprivation  of  any  one  of  the  vitamins 

i  The  authors  wish  to  acknowledge  the  suggestions  and  assistance  given  by  Sybil  L.  Smith,  of  the  Office 
of  Experiment  Stations.  Acknowledgment  is  also  given  to  H.  C.  Sherman,  of  Columbia  University,  for 
the  use  of  unpublished  data  and  also  for  his  advice  and  suggestions;  to  those  who  critically  reviewed  the 
manuscript;  and  to  the  many  others  who  have  assisted. 
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results  in  the  development  of  symptoms  specific  for  that  vitamin. 
Low  vitamin  intake  may  result  in  subacute  or  chronic  manifestations 
not  easily  recognized  as  due  to  vitamin  deficiency.  The  planning  of 
adequate  diets  therefore  involves  information  on  vitamin  require- 
ments and  knowledge  of  the  vitamin  content  of  foods. 

This  bulletin  brings  together  quantitative  data  on  the  occurrence 
of  vitamins  A,  B,  C,  D,  and  G  in  foods,  and  includes  a  brief  summary 
of  the  chemical  nature  of  each  of  these  factors  and  some  of  the  more 
common  units  used  at  various  times  to  indicate  vitamin  concentra- 
tion in  foods.  Although  there  is  still  little  information  on  vitamin 
requirements  of  human  beings,  a  few  data  relative  to  certain  aspects 
of  this  question  are  discussed. 

CHEMICAL  NATURE  OF  THE  VITAMINS 

Considerable  information  is  now  available  concerning  the  chemical 
nature  of  vitamins  A,  B,  C,  D,  E,  and  G.  The  material  presented 
here  deals  primarily  with  those  developments  leading  to  identification 
of  these  vitamins  as  far  as  this  has  been  accomplished.  The  literature 
cited  is  by  no  means  complete  but  includes  references  to  significant 
reports  on  each  point  mentioned.  The  reader  is  referred  further  to 
summaries  prepared  by  Bauer  (43), 2  Bills  (55),  Dutcher  (18 4),  Harris 
(278),  Josephson  (372),  Karrer  (874),  King  (893),  Kuhn  (420), 
MacLeod  (465),  Morton  (526),  Munsell  (532),  Percival  (558),  Steen- 
bock  (665),  and  Willstaedt  (789). 

VITAMIN  A 

Long  before  anything  was  known  of  the  chemical  nature  of  vitamin 
A,  plants  having  a  yellow  or  green  color  were  recognized  as  rich  sources 
of  this  vitamin.  Their  vitamin  A  activity  has  been  traced  to  the 
presence  of  carotenoid  pigments  a,  /3,  or  y  carotene  (210,  882,  4%1), 
and  more  recently  the  xanthophyll  pigment  kryptoxanthin  (426).  All 
of  these  may  be  converted  into  vitamin  A  in  the  liver  (508)  and  are 
therefore  called  "precursors"  of  vitamin  A.  Vegetable  carotin  is 
almost  never  a  single  carotene,  being  usually  a  mixture  of  the  three 
forms.  The  chemical  formulas  for  the  three  carotenes  and  krypto- 
xanthin are  given  below: 

i  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  137. 
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Each  of  these  substances  has  in  its  molecular  structure  at  least 
one  j3-ionone  ring  and  a  side  chain  of  alternate  doubly  and  singly- 
bound  carbon  atoms  containing  nine  double  bonds  and  four  methyl 
groups.     Beta  carotene  is  symmetrical,  having  two  0-ionone  rings. 

Vitamin  A,  which  has  one  /3-ionone  ring  and  a  side  chain  con- 
taining four  double  bonds  and  two  methyl  groups  has  also  been 
shown  by  esterification  reactions  to  contain  one  hydroxyl  group 
characteristic  of  alcohols  {293,  87 8).  The  formula  given  below  was 
proposed  {292,  378,  379)  to  represent  its  chemical  configuration: 

CHj  CHj 

C  CHi  CHi 

/  \  I  I 

H»— C  C-CH=CH-C=CH-CH=CH-C=CH-CH2OH 

I  II 

Hj— C  C— CHj 

\    / 

C 

I 

H, 

Recent  claims  for  the  synthesis  of  vitamin  A  give  further  evidence 
for  the  validity  of  this  formula  {236). 

By  comparing  the  formula  for  vitamin  A  with  those  for  the  caro- 
tenes, it  is  readily  seen  that  theoretically  one  molecule  of  /3-carotene 
should  give  rise  to  two  molecules  of  vitamin  A,  while  one  molecule 
respectively  of  a-  and  7-carotene  and  kryptoxanthin  should  each  fur- 
nish one  molecule  of  vitamin  A.  Experimental  evidence  obtained 
with  animals  showing  that  /3-carotene  as  a  source  of  vitamin  A  is 
twice  as  potent  as  7-carotene  has  confirmed  these  observations  with 
respect  to  these  two  carotenes  {425). 

Vitamin  A  has  been  separated  as  a  viscous,  light-yellow  oil  {377) 
having  an  absorption  maximum  at  328  m^u,  whereas  the  carotenes  do 
not  have  a  band  in  this  region.  This  makes  possible  a  differential 
determination  of  vitamin  A  and  carotene  {70).  In  plants  vitamin  A 
exists  only  in  the  form  of  the  precursors  a-,  /3-,  and  7-carotene  and 
kryptoxanthin;  while  in  animal  products,  such  as  milk  and  butter, 
both  carotene  and  vitamin  A  may  occur.  Fish-liver  oils,  however, 
contain  only  vitamin  A. 

VITAMIN  B 

The  term  "  vitamin  B  complex"  has  been  adopted  to  refer  to  a  group 
of  water-soluble  substances  having  as  one  other  common  characteristic 
the  fact  that  they  all  occur  in  yeast.  This  group  includes  the  original 
(antineuritic)  vitamin  B  (B^  British  terminology)  {15),  vitamin  G 
(growth-promoting  flavin),  vitamin  B3  (pigeon  weight-maintenance 
factor)  (J 33),  vitamin  B4  (rat  growth  factor)  {587),  the  recently  an- 
nounced vitamin  B?  (antidermatitis  factor)  {261),  and  several  others 
the  existence  of  which  has  been  suggested.  Vitamin  B2  (British  ter- 
minology) has  been  used  to  designate  the  "heat  stable  fraction"  of  the 
vitamin  B  complex.  The  discussion  presented  in  this  bulletin  is 
limited  to  vitamins  B  and  G  (p.  8). 

Vitamin  B,  known  to  be  an  organic  base  containing  nitrogen  and 
sulphur  {324),  bas  been  separated  by  a  number  of  investigators  from 
yeast  and  rice  polishings  in  the  form  of  its  crystalline  hydrochloride 
{353,  396,  550,  638,  735,  748,  749).  The  empirical  formula  has  been 
reported  as  C12H1802N4S.2HC1  and  as  C12H190N4S.2HC1   {354,  397, 
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7^8),  with  more  recent  studies  indicating  that  the  second  formula  is 
in  all  probability  the  correct  one  (787,  750).  A  long  series  of  inten- 
sive investigations  concerning  the  chemical  nature  of  this  vitamin 
has  established  the  fact  that  a  thiazole  nucleus  and  a  pyrimidine 
nucleus  are  embodied  in  its  molecular  structure  (86,  86, 110,  732,  784). 
It  has  been  suggested  that  the  complete  structure  of  vitamin  B 
hydrochloride  may  be  represented  by  the  following  formula  (472,  781): 

CHa 
N=C— NHi.HCl        C=C— CHj—  CHjOH 

CHs—  C        C CHi N 

N CH  Cl^CH—  i 

VITAMIN  C 

Two  independent  and  distinctly  different  points  of  attack  were 
responsible  for  the  chemical  identification  of  vitamin  C.  During  a 
long  series  of  investigations  on  the  concentration  of  vitamin  C  from 
lemon  juice  a  marked  parallelism  was  noted  between  the  reducing 
capacity  of  plant  and  animal  tissues  and  their  vitamin  C  content 
(698,  763,  764)-  Other  studies  on  the  mechanism  of  biological  oxida- 
tion-reduction systems  resulted  in  the  separation  from  adrenal  cortex 
of  a  strong  reducing  substance  having  the  empirical  formula  C6H806 
(684)-  This  substance,  which  was  acidic  in  character  and  resembled 
the  carbohydrates  in  reducing  power  and  color  reactions,  could  not 
be  identified  with  any  known  substance,  and  was  called  hexuronic 
acid.  In  the  report  in  which  these  findings  were  given  (684),  the 
statement  was  made  that  studies  on  the  reducing  substances  of  lemon 
juice  had  "established  interesting  relations  between  vitamin  C  and  the 
reducing  properties  of  plant  juice."  Chemical  analysis  was  made  of 
the  hexuronic  acid,  and  when  later  work  indicated  that  it  was  in  reality 
vitamin  C  (679,680),  a  tentative  formula  was  suggested  (298,  827). 

The  second  line  of  attack  involved  the  separation  from  lemons, 
oranges,  grapefruit,  paprika,  and  cabbage  of  a  substance  having  the 
properties  of  vitamin  C,  and  which  on  chemical  analysis  proved  to  be 
identical  with  the  hexuronic  acid  isolated  from  adrenal  cortex  (394, 
721). 

Further  study  revealed  that  vitamin  C  does  not  contain  the  charac- 
teristic uronic  acid  structure  of  true  hexuronic  acid,  but  is,  rather,  a 
lactone  of  an  unsaturated  acid.  For  this  reason  and  because  of  its 
antiscorbutic  properties,  the  name  "ascorbic  acid"  was  proposed  (686), 
although  the  term  "cevitamic  acid"  is  also  sometimes  used. 

Several  methods  have  been  devised  for  the  synthesis  of  both  the 
d-  and  1-  forms  of  ascorbic  acid  (21,  290,  291,  491,  589,  590),  only  the 
latter  of  which  shows  vitamin  C  activity.  The  structural  formula  of 
the  1-  form  may  be  represented  as  follows: 

o 
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The  suggestion  has  been  made  that  vitamin  C  activity  may  be 
related  to  stereochemical  configuration  {262).  In  the  active  1-ascorbic 
acid,  for  instance,  the  configuration  around  the  fourth  carbon  atom 
is  dextrorotatory,  while  in  the  inactive  d-  form  it  is  laevorotatory. 
The  fifth  carbon  atom  may  also  be  involved,  since  in  inactive 
d-ascorbic  acid  and  d-arabo  ascorbic  acid,  which  is  about  one-twentieth 
as  potent  as  1-ascorbic  acid,  the  arrangement  of  the  OH  and  H  around 
the  carbon  atom  is  the  reverse  of  that  in  1-ascorbic  acid. 

When  vitamin  C  is  treated  with  mild  oxidizing  agents  a  "reversibly 
oxidized"  product,  dehydroascorbic  acid,  is  formed,  which  may  also 
act  as  vitamin  C  (72,  228,  828,  597),  and  which  is  capable  of  being 
reduced  again  to  the  original  form  by  suitable  reagents  (72).  Drastic 
oxidation,  on  the  other  hand,  results  in  the  formation  of  an  irreversibly 
oxidized  product  and  loss  of  antiscorbutic  property  (135,  156,  864, 
694,  695,  760).  The  reducing  property  of  vitamin  C  makes  it  possible 
under  suitable  experimental  conditions  to  use  reversible  dyes  of  high 
oxidation  potential  (indophenols)  for  the  quantitative  determination  of 
vitamin  C.  The  validity  of  results  obtained  by  this  method  depends, 
of  course,  upon  whether  the  vitamin  is  present  as  the  "active" — that 
is,  the  reduced — form,  or  as  the  reversibly  oxidized  form.  Both  of 
these  function  biologically  as  vitamin  C,  but  only  the  former  may  be 
detected  by  the  dye. 

Investigations  are  being  conducted  to  determine  whether  vitamin  C 
may  exist  in  tissues  in  the  reducible  (reversibly  oxidized)  as  well  as 
the  reduced  form  (886),  and  whether  oxidation  of  the  active  form  is 
prevented  by  some  protective  mechanism,  possibly  glutathione  (46, 
885,  486,  560,  765). 

VITAMIN  D 

Vitamin  D  is  derived  from  the  plant  sterol  ergosterol  (C28H43OH) 
when  this  substance  is  exposed  to  the  action  of  ultraviolet  light  (1, 
317, 608).  The  name  "calciferol"  was  proposed1  by  the  English  workers 
(16)  for  the  substance  isolated  in  crystalline  form,  and  the  terms  "vita- 
min Di"  and  "vitamin  D2"  appeared  in  the  German  literature  (745) 
at  one  time  to  designate  two  substances  thought  to  be  different  forms 
of  vitamin  D  obtained  from  ergosterol.  Vitamin  D2  is  now  considered 
identical  with  calciferol,  while  vitamin  Dt  is  described  as  an  addition 
compound  of  vitamin  D2  and  an  inactive  substance,  lumisterin  (743). 

Irradiation  of  ergosterol  results  in  the  formation  of  several  isomeric 
compounds  (595,  607,  64-1,  743).  Five  of  these  substances,  including 
calciferol,  which  is  the  only  one  having  antirachitic  properties,  have 
been  separated  and  shown  to  differ  in  melting  points,  specific  rotation, 
solubilities,  and  absorption  maxima.  During  the  transformation  these 
substances  appear  in  the  following  sequence  (641,  743,  744Y 

Ergosterol 

\ 

Lumisterol 
Tachysterol 

.-i 

Calciferol  (vitamin  D  (D2)) 

On  overirradiation  the  products  toxisterol,suprasterol  I,  and  suprasterol 
II  are  formed  (607). 
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Although  vitamin  D  and  ergosterol  have  both  been  isolated  (16,  56, 
596,  741),  their  exact  structural  configurations  have  not  been  deter- 
mined. Ergosterol  probably  has  either  configuration  A  (742)  or  B 
(188)  shown  below. 


CH3 


CBHl7 


HO 


CH3 


C9H17 


HO 


Ergosterol  is  tetracyclic,  whereas  vitamin  D  is  tricyclic.  The 
suggestion  has  been  made  that  the  transition  from  a  four  ring  to  a 
three  ring  system  involves  a  rearrangement  of  the  double  bonds,  and 
a  break  in  the  unsaturated  ring  II  which  takes  place  in  the  change 
from  lumisterol  to  tachysterol.  Several. hypotheses  have  been  offered 
as  to  how  and  where  the  break  takes  place  (151,  294,  895,  446 1  527, 
607,  747),  and  although  there  is  experimental  evidence  in  support  of 
each,  either  formula  A  (747)  or  B  (607)  given  below  will  probably  be 
shown  to  express  the  configuration  of  calciferol. 


GH3 


CHs   CH3 


CH-CH=CH-CH— CH—  CH3 

CH3   I 


CH3  CH3   CH3 

CH— CH=CH— CH— CH— CHi 


CH3 


A 


HO 


HO 


Investigations  on  vitamin  D  from  different  sources  indicate  that 
this  factor  may  exist  in  more  than  one  form.  The  provitamin  D  of 
plant  origin  seems,  for  instance,  to  be  different  from  the  provitamin  D 
of  animal  origin  (51),  and  the  vitamin  D  of  irradiated  ergosterol  differs 
in  some  of  its  chemical  and  physical  properties  from  the  vitamin  D  of 
cod-liver  oil  (209,  618).  Of  interest  in  connection  with  the  last  point 
are  findings  recently  reported  by  the  German  investigators  (82,  83, 
74^)  showing  that  the  vitamin  D  (D3)  separated  from  tuna  fish-liver 
oil  may  differ  from  calciferol  in  the  configuration  of  the  side  chain  as 
shown  below. 

CH3  CHs   CH3 

I  II 

CH— CH=CH— CH— CH— CHi 


calciferol  (vitamin  D2) 
GHj  CH, 

CH— CHj— CH2— CHj— CH— CHs 


A 


vitamin  Da 
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However,  much  of  the  evidence  leading  to  the  belief  that  there  is 
more  than  one  form  of  vitamin  D  consists  of  differences  in  the  relative 
antirachitic  effectiveness  of  substances  as  determined  by  tests  with 
different  species  of  animals.  On  the  basis  of  equivalent  number  of 
rat  units  of  vitamin  D,  the  vitamin  D  of  irradiated  yeast  is  much 
more  effectively  transferred  to  milk  by  the  cow  than  is  the  vitamin  D 
of  irradiated  ergosterol  (305,  Ji.18,  616)  and  cod-liver  oil  is  several 
times  richer  as  a  source  of  vitamin  D  for  the  chick  than  irradiated 
ergosterol  (50,  51,  168,  308,  416,  479,  542,  612,  615,  67 1).  Bluefin 
tuna  oil  when  tested  with  rats  appears  much  richer  in  vitamin  D  than 
cod-liver  oil,  while  with  chicks  it  is  only  one-sixth  as  effective  as  cod- 
liver  oil  (58). 

Some  investigators  believe  that  irradiated  ergosterol  is  not  so  effec- 
tive as  cod-liver  oil  for  the  cure  and  prevention  of  rickets  in  children 
(86,  304,  806,  815,  359).  A  recent  report  covering  extensive  investi- 
gations along  this  line,  however,  does  not  support  this  view  (202). 

VITAMIN  E 

Vitamin  E,  sometimes  referred  to  as  the  antisterility  vitamin,  is 
considered  to  be  required  by  the  rat  and  otiher  animals  for  successful 
reproduction  (211).  Whether  or  not  it  is  important  in  human  nutri- 
tion has  not  been  demonstrated,  although  the  successful  results  ob- 
tained in  the  treatment  of  repeated  abortion  with  wheat-germ  oil 
known  to  be  rich  in  vitamin  E  indicate  that  it  may  have  significance 
(14^,  708,  719).  Even  though  vitamin  E  should  eventually  prove  to 
be  an  essential  constituent  of  the  diet  of  man,  this  vitamin  is  so  widely 
distributed  in  natural  foods  that  no  special  attention  need  be  given 
to  it  in  the  varied  or  well-balanced  diet. 

An  alcohol,  a-tocopherol,  having  the  properties  of  vitamin  E  has 
been  recently  separated  from  wheat-germ  oil.  From  a  study  of  the 
urethane  and  allophanate  of  this  compound,  which  was  separated  as 
a  light-colored  viscous  oil,  the  formula  C29Hfi0O2  was  suggested  (212). 

VITAMIN  G 

The  term  "vitamin  G"  was  introduced  when  it  became  definitely 
known  that  many  of  the  vitamin  B-free  basal  diets  used  in  making 
assays  were  also  deficient  in  a  heat  stable,  growth-promoting  factor, 
as  well  as  the  heat  labile  vitamin  B.  Rats  maintained  on  diets  devoid 
of  this  new  factor  showed  symptoms  somewhat  similar  to  those  of 
pellagra,  and  vitamin  G  was  accordingly  defined  as  "the  more  heat 
stable,  water  soluble  dietary  factor   (in  yeast)  called  the  pellagra- 

Ereventive  or  P-P  factor  by  Goldberger  and  associates  and  widen  also 
as  to  do  with  maintenance  and  growth"  (15).  Subsequent  work 
indicated  that  the  substance  actually  dealt  with  in  the  majority  of 
cases  was  not  the  pellagra-preventive  factor  but  a  growth-promoting 
factor  belonging  to  the  class  of  substances  known  as  flavins. 

Unfortunately  there  has  been  no  general  agreement  as  to  whether 
or  not  the  name  "vitamin  G"  should  be  restricted  to  designate  the 
flavin  (or  flavins)  possessing  the  power  to  promote  growth  and  to 
prevent  a  condition  in  the  rat  sometimes  referred  to  as  a  "nonspecific 
dermatitis."  However,  since  a  large  proportion  of  the  vitamin  G 
values  reported  in  the  literature  were  obtained  by  the  Bourquin- 


VITAMIN  CONTENT  OF  FOODS 


9 


Sherman  or  similar  methods,  and  these  have  been  shown  to  be 
essentially  measures  of  growth-promoting  flavin  (63),  the  term  "vita- 
min G"  is  used  throughout  this  bulletin  in  this  sense. 

As  a  group  the  flavins  may  be  characterized  as  water-soluble,  yellow 
green-fluorescent  pigments  occurring  in  natural  products  either  as  free 
dialyzable  pigments  or  in  combination  with  protein.  A  number  of 
flavins  have  been  isolated  and  their  vitamin  G  activity  determined 
(204,  381,428,  429,  435,  664).  Lactoflavin,  found  in  fairly  high 
concentration  in  milk  and  in  green  leaves,  has  the  highest  vitamin  G 
activity  of  any  so  far  studied  (429)  and  is  accepted  by  many  investiga- 
tors as  identical  with  vitamin  G.  Several  flavins  have  been  synthe- 
sized (431,. 432,  433,  4%6)  and  the  chemical  structure  common  to  all 
of  these  substances  has  been  shown  to  be  the  iso-alloxazine  nucleus, 
having  the  following  configuration: 


c=o 

l 

N— H 


Lactoflavin  in  addition  to  other  properties  is  identical  in  optical 
rotation  and  vitamin  G  activity  with  6,  7  dimethyl  9-d-ribo-flavin, 
which  by  synthesis  has  been  shown  to  have  the  following  structural 
configuration  (432): 
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This  substance  may  be  considered  a  derivative  of  6,  7,  9  trimethyl  iso- 
alloxazine  (lumilactoflavin)  (431)  with  a  carbohydrate  side  chain 
(d-ribose)  substituted  for  the  methyl  group  in  position  9.  Similar 
compounds  have  been  prepared  from  other  carbohydrates  and  shown 
to  differ  widely  in  vitamin  G  activity.  That  synthesized  from  d-xylose, 
for  instance,  has  very  little  activity,  while  the  one  from  1-arabinose 
possesses  only  one-third  the  vitamin  G  activity  of  lactoflavin  (432). 
It  has  been  suggested  that  flavins  may  function  in  cell  respiration, 
since  they  enter  into  reversible  oxidation-reduction  systems  (53,  4$0, 
434).  The  "  yellow  respiratory  enzyme"  separated  from  yeast  (713) 
is  known  to  contain  as  the  active  group  a  water-soluble,  green-fluores- 
cent pigment  (714,  715).  Furthermore,  both  araboflavin  and  lacto- 
flavin are  converted  in  vivo  into  a  yellow  enzyme  through  combination 
with  a  protein  by  means  of  a  phosphoric  acid  group  (420).  Thus  there 
is  the  interesting  sequence  of  a  pigment  (lumilactoflavin)  combining 
with  a  carbohydrate  to  give  a  vitamin  and  this  in  turn  uniting  with 
a  protein  to  give  an  enzyme  (430). 
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DEVELOPMENT  OF  OFFICIAL  UNITS  TO  EXPRESS  VITAMIN  POTENCY 

Each  of  the  known  vitamins  has  been  discovered  by  observing  the 
specific  pathological  condition  that  develops  when  it  is  lacking  in  the 
diet  or  is  present  in  amounts  too  small  for  optimum  nutrition.  If  a 
food  containing  the  vitamin  is  added  to  the  diet,  the  symptoms 
usually  disappear  and  the  animal  returns  to  normal.  It  was  also 
observed  that  in  the  case  of  each  vitamin,  a  definite  quantity  is  needed 
either  to  prevent  the  onset  of  the  deficiency  symptoms  or  to  cure 
them  when  once  they  have  developed. 

Since  chemical  methods  were  not  available  for  determining  vitamin 
potency,  because  little  was  known  of  the  chemical  identity  of  the 
^tamins^  quantitative  biological  methods  have  been  developed  on 
the  basis  of  the  above  observations.  Laboratory  test  animals  such 
as  rats,  guinea  pigs,  and  pigeons,  have  served  as  subjects,  and  a  unit 
of  the  vitamin  in  question  has  been  defined  as  that  quantity  required 
to  produce  a  certain  specified  effect  under  the  conditions  described 
for  the  method.  Some  units  were  defined  as  the  quantity  of  vitamin 
necessary  to  induce  a  certain  rate  of  recovery,  usually  gain  in  weight, 
and  others  as  the  quantity  sufficient  just  to  prevent  the  onset  of 
specific  symptoms  associated  with  a  deficiency  of  the  vitamin. 
,  Inasmuch  as  an  unlimited  number  of  different  units  might  be  set 
up  on  these  bases,  there  was  a  tendency  for  each  investigator  to 
describe  his  own  vitamin  units.  Consequently,  the  need  for  estab- 
lishing official  units  for  expressing  vitamin  potency  as  well  as  reliable 
methods  of  assay  became  an  important  problem. 

As  early  as  1921  a  committee  on  vitamin  research  was  appointed 
by  the  American  Chemical  Society  (9).  This  committee  acted  more 
as  a  clearing  house  for  information  on  vitamin  research  in  general 
than  on  methods  alone.  In  1924  a  group  of  individuals  interested  in 
the  establishment  of  approved  methods  for  the  quantitative  deter- 
mination of  vitamins  made  an  unsuccessful  attempt  to  induce  the 
Division  of  Biological  Chemistry  of  the  American  Chemical  Society 
to  assume  responsibility  for  sponsoring  the  development  of  adequate 
methods  of  vitamin  assay  (832). 

A  biological  method  for  measuring  vitamin  A  was  included  in  the 
tenth  edition  of  the  United  States  Pharmacopeia  (705,  p.  469).  A 
unit  of  vitamin  A,  referred  to  as  the  U.  S.  P.  X.  unit,  was  defined  as— 

the  minimum  daily  amount  .  .  .  required  to  cure  induced  symptoms  of  vitamin 
A  starvation  in  young  albino  rats,  and  to  cause  a  gain  in  weight  of  .rom  10  to  20 
grams  within  a  period  of  35  days  under  the  conditions  of  growth  and  diet  specified 
in  this  assay. 

However,  this  method,  which  had  been  worked  out  before  vitamin 
D  was  recognized  as  a  dietary  essential,  made  no  immediate  provision 
for  supplying  vitamin  D  to  the  test  animals.  In  actual  practice, 
therefore,  it  gave  irregular  results  and  soon  fell  into  disrepute. 

In  1927  the  American  Drug  Manufacturers'  Association  established 
a  vitamin  assay  committee  for  the  purpose  of  studying  the  United 
States  Pharmacopeia  method  for  vitamin  A.  The  work  of  this 
committee  was  extended  in  1928  to  include  investigation  of  a  possible 
method  for  measuring  vitamin  D.  This  committee  made  suggestions 
for  improving  the  vitamin  A  technique  and  described  a  method  for 
determining  vitamin  D.     A  unit  of  vitamin  D  was  defined  (881)  as — ■ 
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the  minimum  average  daily  amount  (of  vitamin  D)  required  to  produce,  in  60 
percent  of  the  experimental  animals  (rats)  in  any  one  group,  a  degree  of  recalci- 
fication  represented  by  a  narrow  continuous  "line"  across  the  metaphysis  of  the 
leg  bones  of  the  rats  kept  and  fed  under  the  conditions  as  specified  in  the  assay. 

This  unit  is  referred  to  as  the  A.  D.  M.  A.  unit  of  vitamin  D.  Sub- 
sequent reports  of  this  committee  which  worked  in  close  cooperation 
with  the  Drug  Division  of  the  Food  and  Drug  Administration,  United 
States  Department  of  Agriculture,  offered  suggestions  for  improvement 
of  the  methods  originally  presented. 

The  U.  S.  P.  X.  vitamin  A  unit  and  the  A.  D.  M.  A.  vitamin  D 
unit  have  been  extensively  used.  However,  although  the  biological 
methods  of  assay  were  carefully  standardized  in  many  details,  it  was 
increasingly  evident  that  results  based  on  animal  behavior  were  very 
seldom  comparable  at  different  times  and  in  different  laboratories. 
There  were  too  many  factors  that  could  not  be  controlled.  Experi- 
mental animals  from  different  colonies  did  not  show  similar  degrees 
of  response,  and  ration  supplies  obtained  from  different  manufacturers 
or  even  from  the  same  manufacturer  at  different  times  showed  annoy- 
ing variations  in  composition. 

During  this  time  the  British  Medical  Research  Council's  committee 
on  accessory  food  factors  was  also  working  to  find  ways  of  expressing 
vitamin  potency.  As  early  as  1928  the  Pharmaceutical  Society  of 
Great  Britain  had  adopted  a  particular  sample  of  irradiated  ergosterol 
prepared  at  the  National  Institute  for  Medical  Research  as  a  Standard 
of  Reference  in  determining  vitamin  D  potency  {128).  This  was  the 
first  vitamin  preparation  used  as  a  Standard  of  Reference.  Its  potency 
was  such  that  0.0001  mg  administered  daily  caused  complete  healing 
of  induced  rickets  in  rats. 

In  1929  the  Council  on  Pharmacy  and  Chemistry  of  the  American 
Medical  Association  adopted  the  term  "viosterol"  to  designate  irradi- 
ated ergosterol  and  "viosterol  in  oil"  for  a  preparation  made  up  of 
this  substance  dissolved  in  oil  (10,  11).  The  terminology  "10D", 
"20D",  etc.,  was  adopted  to  indicate  the  vitamin  D  potency  of  these 
preparations  in  terms  of  the  vitamin  D  potency  of  a  cod-liver  oil  of 
definite  vitamin  D  content  as  measured  by  the  rat-assay  method  of 
Steenbock.  The  Steenbock  unit  of  vitamin  D  was  defined  as  "the  total 
amount  of  vitamin  D  which  will  produce  a  narrow  line  of  calcium 
deposits  in  the  rachitic  metaphyses  of  the  distal  ends  of  the  radii  and 
ulnae  of  standard  rachitic  rats  in  a  period  of  10  days"  (671).  The 
particular  sample  of  oil  selected  for  reference  contained  one  Steenbock 
unit  of  vitamin  D  per  0.075  g  or  13.3  units  per  gram.  Although 
referred  to  as  an  oil  of  standard  potency,  it  was  rather  a  poor  source 
of  vitamin  D  compared  to  present  day  medicinal  oils. 

The  Medical  Research  Council  of  Great  Britain  (248)  authorized 
the  statement  that  an  irradiated  solution  of  ergosterol  in  oil  had  been 
accepted  as  a  Standard  of  Reference  for  vitamin  D.  This  standard 
was  prepared  and  maintained  by  the  National  Institute  for  Medical 
Research.  A  unit  of  vitamin  D  was  defined  as  the  antirachitic  potency 
of  0.0001  mg  of  the  ergosterol  used  in  the  preparation  of  the  standard. 

The  problem  of  vitamin  standards  had  been  considered  by  the 
Health  Organisation  of  the  League  of  Nations  at  the  Second  Inter- 
national Conference  on  the  Standardisation  of  Biological  Products  in 
1925  (442).  At  this  time  it  seemed  that  the  assay  of  only  the  growth- 
promoting  effect  of  vitamin  A  could  be  discussed.  By  1930  when 
the  knowledge  of  the  chemistry  of  vitamins  had  increased  exten- 
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sively,  the  problem  of  establishing  vitamin  standards  was  again 
taken  up  by  the  Health  Organisation  of  the  League  of  Nations  under 
the  auspices  of  the  Permanent  Commission  on  Biological  Standardisa- 
tion. A  conference  was  held  in  London  June  17-20,  1931  (££?). 
Members  were  present  from  Sweden,  Denmark,  the  Netherlands,  the 
United  States,  France,  Germany,  and  Great  Britain.  The  United 
States  Pharmacopeia  Vitamin  Advisory  Committee  appointed  in  the 
spring  of  1931  had  prepared  a  report  for  the  meeting,  and  three  of  its 
members  attended  the  conference  (13). 

This  conference  adopted  provisional  Standards  of  Reference  for  vita- 
mins A,  B,  C,  and  D  and  units  for  expressing  potency  in  terms  of 
these  standards.  They  are  referred  to  as  International  Standards  of 
Reference  and  International  Units,  respectively.  The  International 
Standards  for  vitamins  A,  C,  and  D  were  provisional  for  a  2-year 
period,  the  vitamin  B  standard  for  5  years. 

A  second  conference  was  held  in  London  June  12-14,  1934  (443). 
Again  International  Standards  for  vitamins  A,  B,  C,  and  D  only  were 
adopted,  although  standards  for  vitamin  B2  (G)  and  vitamin  E  were 
also  considered.  The  1931  Standards  of  Reference  for  vitamins  A  and 
C  were  altered,  but  no  change  was  made  in  the  International  Stand- 
ards for  vitamins  B  and  D  as  originally  adopted.  Where  changes  in 
standards  were  made,  the  quantities  used  in  the  definitions  were  such 
that  the  International  Units  adopted  in  1934  were  equivalent  in 
value  to  the  corresponding  units  adopted  in  1932.  The  term  "pro- 
visional", referring  to  the  permanence  of  the  standards,  was  no  longer 
used.  The  conference  expressed  the  opinion  that  for  the  present  at 
least  the  vitamins  considered  should  be  estimated  by  means  of  bio- 
logical tests  carried  out  simultaneously  with  the  respective  Standard 
of  Reference. 

i  INTERNATIONAL  UNITS  AND  OTHERS  IN  COMMON  USE 

The  definitions  given  for  the  International  Units  and  International 
Standards  of  Reference  are  those  adopted  at  the  1934  Conference  of 
the  League  of  Nations  Committee  on  Biological  Standardisation  (443). 

Prior  to  the  adoption  of  the  International  Standards  of  Reference, 
several  vitamin  units  had  come  into  common  use  (pp.  10-11).  A  high 
percentage  of  the  values  for  the  foods  already  assayed  are  expressed 
in  these  units,  and  for  this  reason,  definitions  of  the  more  common 
ones  are  given  here.  Attempts  have  been  made  to  determine  con- 
version factors  for  changing  them  to  International  Units,  and  the 
various  factors  that  have  been  suggested  are  given.  However,  prac- 
tically all  of  these  older  units  have  been  defined  in  terms  of  animal 
behavior,  and  therefore  have  no  absolute  value.  Consequently  there 
is  no  fixed  relation  between  the  biological  and  International  Units, 
and  if  the  factors  given  are  used,  it  should  be  with  the  full  realization 
that  at  most  they  are  only  approximations. 

VITAMIN  A  UNITS 

DEFINITIONS 

International  Standard  of  Referenced — 'Pure  beta  carotene  conform- 
ing to  the  requirements  given  for  chemical  and  physical  constants. 

5  Quantities  of  these  standards  for  purposes  of  assay  may  be  obtained  by  application  to  the  Protein  and 
Nutrition  Division,  Bureau  of  Chemistry  and  Soils,  U.  S.  Department  of  Agriculture,  or  to  E.  Fullerton 
Cook,  Forty-third  Street  and  Woodland  Avenue,  Philadelphia,  Pa. 
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A  sample  of  cod-liver  oil 4  carefully  assayed  in  terms  of  the  Inter- 
national Standard  under  the  supervision  of  the  United  States  Phar- 
macopeia Vitamin  Advisory  Committee  is  available  as  a  subsidiary 
standard. 

International  Unit. — The  activity  of  0.6  microgram  (O.67)  of  the 
International  Standard  of  Reference. 

U.  S.  P.  (United  States  Pharmacopeia)  XI  (1936)  unit. — Same  as 
International  Unit. 

Sherman-Munsell  unit  (6U)  (U.  S.  P.  X.  or  A.  D.  M.  A.).— That 
amount  of  vitamin  A  which  when  fed  daily  (six  times  per  week  *) 
just  suffices  to  support  a  rate  of  gain  of  3  g  per  week  during  an  experi- 
mental period  of  8  weeks  in  a  standard  test  animal  (rat)  previously 
depleted  of  its  store  of  vitamin  A. 

CONVERSION    FACTORS 

One  Sherman  or  Sherman-Munsell  unit  equals  approximately  1.4 
International  Units  (U,  120,  258,  509,  614). 

One  International  Unit  equals  more  than  two  Sherman  units.6 

VITAMIN  B  UNITS 

DEFINITIONS 

International  Standard  of  Reference.3 — The  adsorption  product  of 
vitamin  B  (BO  from  rice  polishings  prepared  in  the  Medical  Laboratory, 
Batavia,  Java,  by  the  method  of  Seidell  as  described  by  Jansen  and 
Donath. 

International  Unit. — The  vitamin  B  (Bx)  activity  of  10  mg  of  the 
International  Standard  adsorption  product. 

Sherman-Chase  unit  (98). — That  amount  of  vitamin  B  which  when 
fed  daily  (six  times  per  week)  will  induce  in  a  standard  test  animal 
(rat)  depleted  of  its  store  of  vitamin  B  a  gain  of  3  g  per  week  during 
a  test  period  of  8  weeks. 

CONVERSION    FACTORS 

One  International  Unit  is  given  by  one  investigator  as  equivalent 
to  four  Sherman-Chase  units  (176),  while  others  give  it  a  value  of 
two  Sherman-Chase  units  (717).7 

VITAMIN  C  UNITS 

DEFINITIONS 

International  Standard  of  Reference.3 — 1-ascorbic  acid  conforming  to 
the  specifications  given  as  to  chemical  and  physical  constants. 

International  Unit. — The  vitamin  C  activity  of  0.05  mg  of  the 
International  Standard,  1-ascorbic  acid.  This  is  about  one- tenth  of 
tne  daily  dose  necessary  to  prevent  development  of  gross  macroscopic 
scorbutic  lesions  in  young  guinea  pigs  maintained  on  a  scurvy-pro- 
ducing diet. 

*»See  footnote  on  p.  12. 

*  Small  quantities  of  this  oil  for  purposes  of  assay  may  be  purchased  from  E.  Fullerton  Cook,  Forty-third 
Street  and  Woodland  Avenue,  Philadelphia,  Pa. 

8  In  the  original  definition  "daily"  meant  seven  times  per  week.  A  survey  of  practices  in  many  labora- 
tories where  extensive  vitamin  A  assay  work  is  under  way  indicated,  however,  that  the  more  usual  Inter- 
pretation is  six  times  a  week.  Inasmuch  as  daily  is  also  defined  as  six  times  per  week  in  the  official  United 
States  Pharmacopeia  method,  it  is  so  interpreted  in  this  bulletin.  In  the  tables  the  necessary  corrections 
in  values  have  been  made  where  a  7-day  week  is  known  to  have  been  used  in  an  assay. 

•  E.  B.  Meigs,  U.  S.  Department  of  Agriculture.     Private  communication. 
7E.  M.  Nelson,  U.  S.  Department  of  Agriculture.    Private  communication. 
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Sherman  unit  (64-3;  6J+5,  p.  168).— That  amount  of  vitamin  C 
(minimum  protective  dose)  which  when  fed  daily  will  protect  a  300-g 
guinea  pig  from  scurvy  during  a  period  of  90  days. 

CONVERSION     FACTOR 

One  Sherman  unit  equals  10  to  15  International  Units  (47,  276, 389). 

VITAMIN  D  UNITS 

DEFINITIONS 

International  Standard  of  Reference? — A  solution  of  irradiated  ergos- 
terol  prepared  at  the  National  Institute  for  Medical  Research, 
London.  The  International  Conference  recommended  that  when  the 
supply  of  this  International  Standard  solution  is  exhausted  it  be 
replaced  by  an  equivalent  solution  of  pure  crystalline  vitamin  D  in 
olive  oil  of  such  strength  that  1  mg  contains  0.  025  microgram  (0.  025y) 
of  crystalline  vitamin  D  (calciferol).  A  sample  of  cod-hver  oil 4  care- 
fully assayed  in  terms  of  the  International  Standard  under  the  super- 
vision of  the  United  States  Pharmacopeia  Vitamin  Advisory  Com- 
mittee is  available  as  a  subsidiary  standard. 

International  Unit. — The  vitamin  D  activity  of  1  mg  of  the  Inter- 
national Standard  solution  of  irradiated  ergosterol  found  equal  to 
0.025  microgram  of  crystalline  vitamin  D. 

U.  S.  P.  (United  States  Pharmacopeia)  XI  (1936)  unit. — Same  as 
International  Unit. 

Steenbock  unit  (671). — "The  total  amount  of  vitamin  D  which  will 
produce  a  narrow  line  of  calcium  deposit  in  the  rachitic  metaphyses  of 
the  distal  ends  of  the  radii  and  ulnae  of  standard  rachitic  rats  in  a 
period  of  ten  days." 

A.  D.  M.  A.  (American  Drug  Manufacturers^  Association)  unit 
(331). — The  average  daily  amount  of  vitamin  D — 

required  to  produce,  in  60  percent  of  the  animals  in  any  one  group,  a  degree  of 
recalcification  represented  by  a  narrow  continuous  "line"  across  the  metaphysis 
of  the  leg  bones  of  the  rats  which  have  been  kept  and  fed  under  the  conditions 
as  specified  in  the  assay.  .  .  .  The  average  daily  dose  is  understood  to  be  the 
total  amount  of  (vitamin  D)  given  divided  by  the  length  of  the  test  period,  10 
days. 

CONVERSION     FACTORS 

One  Steenbock  unit  equals  3.2  International  Units  (613)  or  3.33 
International  Units  (269). 

One  Steenbock  unit  equals  10  A.  D.  M.  A.  units  by  definition 
(331,  671)  but  is  also  given  as  equivalent  to  8.  8  A.  D.  M.  A.  units 
(United  States  Pharmacopeia  Vitamin  Advisory  Board). 

VITAMIN  G  UNIT 

DEFINITION 

Sherman-Bourquin  unit  (73). — That  amount  of  vitamin  G  (flavin) 
which  when  fed  daily  to  a  standard  test  animal  (rat)  during  a  test 
period  of  8  weeks  will  give  an  average  gain  of  3  g  per  week  in  addition 
to  any  appreciable  gain  in  the  group  of  control  test  animals  on  the 
vitamin  G-free  ration. 


3  See  footnote  on  p.  12. 
*  See  footnote  on  p.  13. 
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INTERNATIONAL  STANDARDS  OF  REFERENCE  IN  VITAMIN  ASSAYS 

The  Standards  of  Reference  now  available  for  \utamins  A,  B,  C, 
and  D  make  it  possible  to  assay  materials  for  these  vitamins  with  a 
fair  degree  of  accuracy.  The  general  plan  of  procedure  is  to  deter- 
mine the  quantity  of  the  test  material  that  will  give  the  same  effect 
as  a  selected  quantity  of  the  standard,  generally  the  same  as  or  some 
multiple  of  the  quantity  used  in  defining  the  unit. 

Wherever  they  can  be  used,  chemical  or  physical  methods  of  analy- 
sis, of  course,  give  a  greater  degree  of  accuracy  than  biological  tests. 
Unfortunately,  chemical  or  physical  methods  for  determining  vitamin 
potency  cannot  yet  be  relied  upon  entirely,  since  they  are  not  assur- 
edly specific.  It  is  customary,  therefore,  either  to  use  biological 
methods  exclusively  or  to  run  parallel  biological  and  chemical  or 
physical  tests. 

Difficulties  attendant  upon  "matching  doses"  in  biological  assays — ■ 
i.  e.,  selecting  quantities  of  test  material  and  of  the  standard  that  will 
give  identical  effects — are  obvious  to  anyone  familiar  with  this  type 
of  work.  The  accuracy  of  the  final  estimate  of  the  potency  of  the 
test  material  depends  on  how  closely  the  quantity  of  the  test  material, 
judged  from  the  results  of  the  assay  to  produce  the  same  effect  as  the 
standard,  actually  approximates  the  quantity  of  test  material  that 
would  give  the  same  effect.  Unfortunately  many  investigators  when 
analyzing  the  results  of  their  assays  have  neglected  to  give  proper 
attention  to  this  important  point.  Many  merely  select  for  their  cal- 
culation the  "dose"  of  test  material  that  gave  "most  nearly"  the  same 
effect  as  the  standard,  although  oftentimes  it  is  very  evident  that  this 
was  as  much  as  200  to  300  percent  of  the  true  value.  Such  a  practice 
if  continued  will  detract  seriously  from  the  importance  of  the  Inter- 
national Standards  of  Reference  as  vehicles  for  deriving  vitamin 
values.  It  is  because  of  this  practice  that  opportunity  is  taken  to 
bring  to  the  attention  of  investigators  proposed  devices  for  accurately 
determining  vitamin  potency  in  terms  of  International  Units  by 
biological  methods. 

Two  ways  of  carrying  out  assays  to  attain  this  end  are  given  in  the 
literature.  One  of  these  involves  the  use  of  a  "curve  of  reference" 
relating  unitage  of  standard  to  effect  produced  (182,  192).  In  this 
method  one  group  of  test  animals  is  given  a  selected  quantity  of  the 
standard  and  the  other  a  quantity  of  the  test  material  estimated  to 
give  the  same  effect  as  the  standard.  In  the  second  device  a  "curve 
of  response"  is  used  relating  quantity  of  test  material  administered  to 
effect  produced  (127,  129).  In  this  case  the  standard  is  given  at  one 
level  and  the  test  material  at  three  or  more. 

Certain  precautions  in  establishing  the  groups  of  test  animals  are 
essential  irrespective  of  which  of  these  devices  is  used.  All  of  the 
groups  in  a  single  test  must  be  comparable ;  that  is,  whenever  an  animal 
is  assigned  to  one  group,  a  comparable  animal  of  the  same  sex,  weight, 
and  dietary  history  must  be  assigned  to  each  other  group.  In  the 
case  of  rats  it  is  possible  to  make  the  added  specification  that  they 
shall  be  fitter  mates.  And  not  only  must  the  different  groups  used 
be  exactly  comparable,  but  each  must  contain  enough  individuals  to 
permit  of  testing  the  reliability  of  the  results  statistically. 

In  either  one  of  these  methods,  if  the  investigator  is  fortunate  enough 
to  select  a  level  of  test  material  that  gives  the  same  effecfas  the 
quantity  of  standard  administered,  then  the  potency  of  the  test  mate- 
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rial  may  be  calculated  without  further  ado  as  shown  below.  The 
limits  within  which  results  may  be  considered  to  be  identical  depend 
upon  the  method  being  used  and  the  sensitivity  of  the  test  and  should 
be  indicated  when  results  are  reported. 

Units  of  vitamin  in  the}      fUnitg     f  vitamin  m  the 


dose    of    standard    ad- 
judged to  give  the  same  metered 


dose  of  test  material! 
judged  to  give  the  same  f 
effect  as  the  standard     J 

Since  the  unitage  of  the  standard  is  known,  it  further  follows  that: 

4  (grams  test!  v  -^  (units  per  gram]     ^fgrams  standard! 
\  material  J         \  test  material  j        \  administered  J 

v. y f  units  of  vitamin  perl 


or 


\    gram  standard       J 

^f  units  per  graml  _B  v  y 
A\  test  material  J     .4 


However,  there  is  slight  chance  of  arbitrarily  selecting  a  quantity 
of  test  material  that  will  give  the  same  effect  as  the  dose  of  the  stand- 
ard unless  extensive  preliminary  tests  are  made.  When  the  effects 
are  not  identical,  then  the  potency  of  the  test  material  must  be  calcu- 
lated from  either  the  curve  of  reference  or  the  curve  of  response, 
depending  on  which  method  was  followed  in  making  the  assay. 

THE  CURVE  OF  REFERENCE 

The  curve  of  reference  is  derived  by  plotting  the  result  obtained — 
gain  in  weight,  for  example — with  groups  of  test  animals  given  graded 
quantities  of  the  standard  against  unitage  of  the  respective  doses  of 
the  standard.  Usually  four  or  five  points — that  is,  values  obtained 
with  four  or  five  groups  of  animals — are  sufficient  to  establish  the 
trend,  although  additional  points  give  a  more  reliable  curve.  The 
scales  for  expressing  the  values  are,  of  course,  arbitrarily  selected,  and 
should  be  so  chosen  that  the  values  read  from  the  curve  of  reference 
are  compatible  with  the  degree  of  accuracy  of  the  values  used  to 
establish  the  curve. 

When  using  the  curve  of  reference  for  calculating  results  of  an  assay, 
it  is  essential  that  the  groups  of  assay  animals  have  the  same  sex 
distribution  as  the  groups  used  to  determine  the  curve  of  reference. 
It  is  simpler,  therefore,  if  in  both  cases  this  is  a  1 : 1  ratio,  even  though 
it  requires  a  larger  supply  of  test  animals  from  which  to  select.  The 
most  sensitive  part  of  the  curve — i.  e.,  the  part  where  the  greatest 
change  in  effect  occurs  with  the  smallest  increase  in  quantity  of  the 
standard  administered — is,  of  course,  the  most  important  part  and 
should  be  determined  with  care.  When  once  established,  the  curve 
of  reference  may  then  be  used  in  successive  assays,  although  it  may 
be  revised  as  new  data  accumulate. 

When  this  curve  is  used  calculations  are  made  as  follows:  The  unit- 
age  (C)  corresponding  to  the  effect  produced  by  the  dose  of  test  food 
fed  in  the  assay  and  the  unitage  (D)  corresponding  to  the  effect  pro- 
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duced  by  the  quantity  of  the  standard  used  in  the  assay  are  read  from 
the  curve  of  reference.     The  following  relation  then  holds: 

m  fgrams  test!  v  -^ funits  per  gram] 
\  material  JA     \  test  material  J" 


■n  fgrams  standard!  v  yi 
\  administered  J         \ 


units  of  vitamin     \..p.j\ 
per  gram  of  standard/ '"    * 


or 


v  funits  per  graml  _  BC     v 
A\      test  food      J     ADXI 

THE  CURVE  OF  RESPONSE 

The  curve  of  response,  derived  in  much  the  same  way  as  the  curve 
of  reference,  is  established  from  the  results  obtained  by  administering 
graded  doses  of  the  test  material  to  comparable  groups  of  animals. 
It  has  been  extensively  used  in  the  nutrition  laboratories  of  the  Bureau 
of  Home  Economics  and  was  originally  employed,  although  not 
described,  in  the  vitamin  A  method  worked  out  by  Munsell  (629). 
The  test  material  is  administered  at  at  least  three  levels,  one  designed 
to  give  an  effect  approximating  that  obtained  with  the  standard,  one 
an  effect  somewhat  greater,  and  one  less.  The  curve  of  response  is 
then  obtained  by  plotting  the  averages  of  the  results,  gain  in  weight, 
obtained  with  the  several  levels  against  the  respective  quantities  of 
test  material.  As  in  the  curve  of  reference,  an  arbitrary  scale  is 
used,  and  the  same  precautions  should  be  observed  in  choosing  it. 

If  the  results  obtained  with  the  test  material  describe  a  smooth 
curve  and  if  no  one  level  of  test  material  gave  exactly  the  same  effect  as 
the  standard,  then  calculations  are  made  as  follows:  the  quantity 
(Ai)  of  test  material  that  should  give  the  same  effect  as  the  standard 
is  read  from  the  curve  of  response.  The  following  relationship  then 
holds: 

M     the  same  effect  as  X  X\     *£&??  test ' 
1     the  standard         J         *•    matenal 

d  fgrams  standard!  v  yf units  per  graml 
X  administered  j         \      standard      J 

jt funits  vitamin  perl=#yy 
\gram  test  material/     Ax 

From  certain  considerations  the  curve-of-response  method  is  more 
satisfactory  than  the  curve-of-reference  method.  In  the  latter  the 
test  material  is  usually  fed  at  a  single  level,  and  there  is  therefore  no 
way  of  checking  the  reliability  of  the  value  obtained.  In  the  curve-of- 
response  method,  on  the  other  hand,  the  test  material  is  administered 
at  several  levels  and  the  smoothness  of  the  curve  is  an  indication  of 
the  validity  of  the  results.  This  check  also  has  its  limitations,  since 
end  values  used  to  establish  the  curve  may  differ  considerably  from 
the  true  values  and  yet  the  curve  could  be  smooth.  Any  serious 
deviation  may  be  detected  if  attention  is  given  to  plotting  curves  of 
response  for  successive  assays  so  that  they  may  be  superimposed. 

119220°— 37 2 
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Such  a  collection  of  curves  might  serve  as  the  basis  of  an  average 
curve  of  response.  The  accuracy  of  an  assay  by  either  method  is 
increased,  of  course,  if  the  standard  is  fed  at  more  than  one  level. 

QUANTITATIVE  ASPECTS  OF  THE  VITAMINS  IN  HUMAN  NUTRITION 

A  survey  of  the  literature  reveals  some  preliminary  attempts  to 
estimate  quantitatively  the  vitamin  requirements  of  humans.  Brief 
statements  of  these  approximations  are  presented  here,  together  with 
an  indication  of  the  premises  upon  which  they  have  been  based.  In 
certain  cases  these  values  represent  the  quantities  of  a  particular 
vitamin  required  to  alleviate  or  prevent  the  symptoms  associated 
with  a  specific  vitamin  deficiency.  In  other  cases  the  estimates  are 
based  upon  a  calculation  of  the  vitamin  values  of  diets  which  appear 
to  support  a  satisfactory  nutritive  state.  In  a  few  instances,  attempts 
have  been  made  to  determine  the  vitamin  requirements  of  humans 
experimentally  by  means  of  vitamin-balance  studies.  Undoubtedly 
these  requirements  are  influenced  by  many  factors  such  as  age, 
weight,  growth,  pregnancy,  accompanying  diet,  metabolic  rate,  and 
the  presence  or  absence  of  disease.  Knowledge  now  available  does 
not  permit  a  precise  evaluation  of  the  influence  of  these  factors.  For 
the  present,  therefore,  the  values  suggested  must  be  considered  as 
rough  approximations  to  be  used  only  as  general  indications  of  the 
vitamin  requirements  of  man. 

VITAMIN  A 

One  of  the  functions  of  vitamin  A  is  concerned  with  the  regeneration 
in  the  retina  of  the  eye  of  a  pigment,  rhodopsin  (visual  purple),  which 
is  necessary  for  normal  vision.  Rhodopsin  is  constantly  being 
inactivated  (bleached)  by  light.  In  the  absence  of  adequate  amounts 
of  vitamin  A,  its  regeneration  is  retarded  and  nyctalopia,  or  night 
blindness,  results.  This  condition  has  long  been  recognized  as  one 
of  the  characteristic  symptoms  of  vitamin  A  deficiency,  although  as 
yet  there  is  no  evidence  that  freedom  from  night  blindness  necessarily 
means  that  the  subject  is  receiving  optimal  amounts  of  vitamin  A. 
Nyctalopia  is  not  ordinarily  detected  except  in  the  advanced  stages. 
Jeans  and  Zentmire  {360,  861),  however,  have  developed  a  method 
for  measuring  low-grade  symptoms  of  night  blindness  as  the  basis  for 
detecting  faulty  vitamin  A  nutrition.'  It  involves  the  use  of  a  special 
photometer  to  determine  an  individual's  sensitivity  to  light  after  a 
period  of  dark  adaptation.  From  an  examination  of  404  school 
children  6  to  15  years  of  age,  Jeans  and  Zentmire  (361)  were  able  to 
detect  poor  dark  adaptation  in  26  percent  of  the  rural  group  and  in 
53  percent  of  the  village  group.  Administration  of  halibut-liver  oil 
and  carotene  in  oil  equivalent  to  the  vitamin  A  content  of  3  teaspoons 
of  cod-fiver  oil  (approximately  9,500  International  Units)  daily  induced 
recovery  in  the  great  majority  of  the  children  within  a  month. 

In  1934  the  Committee  on  Nutritional  Problems  of  the  American 
Public  Health  Association  (14)  concluded  from  a  review  of  various 
studies  that  either  24  ounces  of  human  milk  of  the  highest  vitamin  A 
potency  or  2  g  of  average-grade  cod-liver  oil  per  day  was  sufficient  to 
meet  the  vitamin  A  requirements  of  infants.  On  this  basis  the  com- 
mittee stated  that  for  infants  1,500  International  Units  of  vitamin  A 
appeared  to  be  about  the  daily  minimum  requirement.     They  thought 
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that  the  larger  child  and  adult  should  probably  have  more,  but  felt 
that  they  had  no  sound  basis  for  any  definite  recommendation  for 
these  groups. 

Based  on  evaluations  of  dietaries  upon  which  good  health  had  been 
maintained  over  long  periods  and  allowing  for  some  margin  of  safety, 
Rose  (605)  has  estimated  the  following  daily  vitamin  A  requirements 
for  different  age  groups:  2,300  Sherman  units  or  approximately  200 
units  per  100  calories  for  the  infant;  3,000  units  for  the  1-year-old; 
300  units  per  100  calories,  or  approximately  6,000  to  7,000  Sherman 
units,  for  the  nursery-school  child;  roughly  7,000  units  for  the  9-year- 
old  boy;  somewhat  over  10,000  units  for  the  high-school  boy;  about 
5,600  Sherman  units  for  the  high-school  girl;  and  approximately  100 
units  per  100  calories,  or  3,000  Sherman  units,  for  the  adult.  On  the 
basis  of  conversion  factors  which  have  been  offered,  Rose's  estimation 
of  the  daily  requirement  for  the  adult  could  be  expressed  by  values 
as  low  as  1,500  and  as  high  as  4,200  International  Units. 

In  a  recent  report  of  Guilbert  and  Hart  (259)  experimental  evidence 
indicates  that  the  vitamin  A  requirement  is  related  to  body  weight 
rather  than  to  energy  requirement.  It  was  found  that  for  mammals 
(cows)  the  minimum  requirement  was  of  the  order  of  20  to  30  micro- 
grams of  vitamin  A  or  carotene  (approximately  30  to  50  International 
Units)  daily  per  kilogram  of  body  weight.  These  experiments  indicate 
that  in  attempting  to  establish  more  adequately  the  vitamin  A 
requirement  of  man,  the  significance  of  body  weight  should  be 
investigated. 

The  Council  on  Pharmacy  and  Chemistry  of  the  American  Medical 
Association  has  recently  ruled  (12)  that  cod-liver  oil  and  preparations 
made  by  the  addition  of  therapeutically  indifferent  substances  to  the 
untreated  oil  may  be  advertised  to  the  public  if  the  prescribed  daily 
dose  provides  at  least  6,250  International  Units  of  vitamin  A  and  625 
International  Units  of  vitamin  D.  These  are  the  respective  numbers 
of  units  provided  by  2  teaspoons  of  cod-liver  oil  complying  with  the 
standards  of  New  and  Nonofficial  Remedies. 

An  analysis  8  has  been  made  of  many  weekly  dietary  records  ob- 
tained in  1934-36  from  employed  wage-earning  families  in  different 
urban  localities  in  the  United  States.  The  families  whose  diets  pro- 
vided at  least  the  average  "minimum  requirements' '  for  protein, 
calcium,  phosphorus,  iron,  and  calories  usually  received  6,000  or 
more  Sherman  units  of  vitamin  A  per  adult  per  day.  For  lack  of  a 
more  precisely  determined  value,  this  allowance  of  vitamin  A  for 
adults  is  being  used  tentatively  by  the  Bureau  of  Home  Economics 
in  appraising  the  adequacy  of  diets  with  respect  to  vitamin  A. 

In  summarizing  the  various  allowances  of  vitamin  A  that  have  been 
suggested  for  humans,  a  value  of  1,500  International  Units  per  day 
has  been  indicated  as  "the  minimum  requirement' '  for  infants,  while 
a  range  of  approximately  2,000  to  2,500  International  Units  per  day 
appears  to  be  a  suitable  allowance  for  the  infant.  Dietary  studies 
show  that  diets  which  meet  average  minimum  requirements  in  other 
respects  furnish  in  the  neighborhood  of  from  3,000  to  6,000  Inter- 
national Units  of  vitamin  A  per  day  to  adults. 

8  Made  by  Hazel  K.  Stiebeling,  U.  S.  Bureau  of  Home  Economics,  as  part  of  a  project  under  the  Works 
Progress  Administration.  The  field  work  associated  with  these  studies  was  supervised  by  the  U.  S. 
Bureau  of  Labor  Statistics. 
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VITAMIN  B 

Clinical  tests  based  on  balance  studies  have  been  proposed  by- 
several  investigators  in  an  effort  to  determine  the  vitamin  B  status 
of  an  individual.  In  a  preliminary  study  Helmer  {297)  showed  that 
the  urine  of  a  normal  subject  contains  demonstrable  amounts  of 
vitamin  B.  At  the  time  he  made  this  report,  Helmer  was  continuing 
his  work  with  a  series  of  balance  studies  on  normal  and  diseased 
subjects. 

An  extensive  study  of  the  daily  excretion  of  vitamin  B  in  the 
urine  has  been  made  by  Harris  and  Leong  {274).  The  bradycardia 
method  of  determining  vitamin  B  was  used.  The  results  showed 
that  healthy  adults,  varying  in  age  from  17  to  37  years,  on  normal 
diets  excrete  daily  12  to  35  International  Units  or  30  to  90y  of  vitamin 
B  hydrochloride,  or  approximately  5  to  8  percent  of  the  daily  intake 
of  vitamin  B.  From  this  it  was  concluded  that  an  output  of  vitamin 
B  in  urine  below  12  International  Units  per  day,  or  approximately 
1  International  Unit  per  100  cc,  should  be  considered  as  evidence  for 
strongly  questioning  the  adequacy  of  vitamin  B  in  the  diet.  For 
children,  the  average  total  daily  output  of  vitamin  B  calculated  on 
the  basis  of  body  weight  was  of  the  same  order  as  for  adults,  or  per- 
haps higher  for  the  better  nourished  children.  As  a  result  of  these 
studies  the  minimum  standard  allowance  of  vitamin  B  for  a  140-pound 
man  was  placed  at  200  International  Units. 

Early  attempts  of  Osborne  and  Mendel  {552)  to  correlate  animal 
size  with  vitamin  B  requirement  showed  that  there  is  probably  a 
gradual  increase  in  vitamin  B  requirement  with  increase  in  body 
size.  It  is  now  known  from  experiments  such  as  those  of  Cowgill 
{IS 4)  and  Williams  and  coworkers  {7 86)  that  vitamin  B  plays  an 
important  part  in  carbohydrate  metabolism  and  that  the  vitamin  B 
requirement  is  related  to  the  calorie  intake  of  the  individual. 

Cowgill  {134)  has  made  a  comprehensive  study  of  the  vitamin  B 
requirement  of  man.  He  first  determined  the  minimum  vitamin  B 
requirement  of  the  rat,  mouse,  pigeon,  and  dog.  From  these  data 
he  was  able  to  show  a  correlation  between  vitamin  requirement  per 
unit  of  body  weight  and  metabolism.  He  proposed  the  following 
general  expression  relating  vitamin  requirement  to  calorie  intake 
and  body  weight: 

Vitamin  (daily  requirement  vitamin  B)  _  ^  .  . 

Calorie  (daily  total  energy  exchange)   ~~         ^ 
"FT  (body  weight  in  grams) 

Vitamin  B  is  expressed  in  milligram  equivalents  (1  International 
Unit =20  milligram  equivalents)  and  K=  0.0000284  for  the  human 
species. 

This  formula  was  checked  by  a  study  of  the  vitamin  B  content  of 
numerous  human  dietaries,  some  of  which  were  known  to  have  per- 
mitted the  occurrence  of  beriberi  and  others  of  which  were  known  to 
have  been  unassociated  with  the  disease.  It  was  found  that  the 
theoretical  predictions  of  the  formula  for  the  adequacy  of  vitamin  B 
intake  of  these  cases  were  in  excellent  agreement  with  the  known 
existing  facts. 

In  order  to  bring  the  vitamin  B  values  of  foods  worked  out  by 
different  investigators   to   the  same   basis   for   comparison,    Cowgill 
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reduced  all  units  to  milligram  equivalents  of  his  standard  test  powder. 

He  pointed  out  that  for  complete  protection  the  — -, — -. —  ratio  must 

be  more  than  2.  On  the  assumption  that  a  ratio  of  2.5  insures  a 
liberal  allowance,  the  vitamin  requirement  would  be  250  mg  equiva- 
lents per  100  calories.  Cowgill  reported  1  Sherman  unit,  presumably 
the  maintenance  unit,  equal  to  5  mg  equivalents.  Since  one  Sherman- 
Chase  unit  has  been  found  in  this  laboratory  to  approximate  2  mainte- 
nance  units,   25   Sherman-Chase   units   per    100   calories   would  be 

required  for  a  — ^ — —  ratio  of  2.5.  According  to  CowghTs  esti- 
mate of  1  International  Unit  per  20  mg  equivalents,  this  ratio  indicates 
a  requirement  of  12  International  Units  per  100  calories.  On  this 
basis  the  average  daily  vitamin  B  requirement  of  an  adult  with  an 
intake  of  2,500  to  3,000  calories  would  be  625  to  750  Sherman  units 
or  300  to  375  International  Units.     Since  these  values  are  based  on 

a  — i — —  ratio  of  2.5  rather  than  2,  they  represent  more  than  a 
calorie  '         r       r 

minimum  requirement.  It  is  CowghTs  belief  that  border-line  cases 
of  beriberi  are  far  more  prevalent  than  most  persons  realize,  which 
indicates  that  vitamin  B  requirements  are  not  being  met  as  uni- 
versally as  is  supposed. 

From  a  study  of  reports  made  by  a  number  of  investigators  Rose 
(605)  recommends  a  daily  intake  of  30  Sherman-Chase  units  per  100 
calories  as  a  liberal  allowance.  For  the  average  adult  this  would 
mean  between  750  and  900  Sherman-Chase  units,  or  roughly  250  to 
400  International  Units  per  day,  quantities  admittedly  well  above 
the  minimum  requirement. 

Recent  analyses  by  Baker  and  Wright  (32)  of  large  numbers  of 
dietaries  from  regions  where  beriberi  is  prevalent  showed  that  the 
vitamin  B  content  of  the  diet  fell  in  the  range  of  71  to  180  Interna- 
tional Units  per  day.  Protective  diets  might  vary  from  145  to  500 
International  Units,  depending  on  the  weight  of  the  individual.  A 
diet  possible  for  the  typical  workingman  receiving  a  fair  income  con- 
tained 440  units  of  vitamin  B  for  3,060  calories.  Analyses  of  diets 
recommended  as  suitable  revealed  for  the  "bare"  or  "skeleton"  ration 
a  vitamin  B  content  of  approximately  212  to  343  International  Units 
and  for  the  "high"  diets  values  ranging  from  700  to  1,000  International 
Units  per  day. 

With  reference  to  the  vitamin  B  requirement  of  children,  Baker  and 
Wright  emphasize  the  fact  that  CowghTs  formula  applies  to  adults, 
and  there  is  evidence  that  children  need  relatively  more  vitamin  B 
on  the  basis  of  calorie  intake.  The  diet  recommended  by  the  Ministry 
of  Health's  advisory  committee  for  Great  Britain's  Poor  Law  Chil- 
dren's Homes  contains  450  International  Units  per  child  for  about 
2,700  calories. 

The  vitamin  B  intake  of  the  normal  adult  has  been  calculated  as 
approximately  1  mg  daily  by  Vorhaus,  Williams,  and  Waterman  (709), 
who  are  most  reluctant  to  give  a  definite  requirement  figure  "unless 
every  component  of  the  diet  is  fixed  and  well-defined  standards  of 
function  are  specified."  Salter  (626)  indicated  that  0.5  mg  of  crys- 
talline vitamin  B  appeared  to  approach  the  average  requirement  value. 
These  two  estimates  represent  roughly  about  250  and  125  Interna- 
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tional  Units,  respectively.  In  view  of  other  suggestions  based  upon 
more  recent  work,  it  would  seem  that  Salter's  figure  is  low. 

In  1934  the  Committee  on  Nutritional  Problems  of  the  American 
Public  Health  Association  (14)  recommended  approximately  200 
International  Units  of  vitamin  B  as  more  than  the  minimum  require- 
ment for  the  adult  man. 

The  Council  on  Pharmacy  and  Chemistry  of  the  American  Medical 
Association  (12)  in  their  1936  report  states: 

In  the  light  of  present  knowledge  the  daily  requirement  for  vitamin  Bi  appears 
to  be  not  less  than  50  units  (International)  for  the  infant  and  200  units  (Inter- 
national) for  the  adult. 

In  order  to  be  acceptable  according  to  the  standards  for  New  and 
Nonofficial  Remedies,  foods  advertised  as  noteworthy  medicinal 
sources  of  vitamin  B  must  provide  in  the  quantity  of  food  consumed 
daily  at  least  200  International  Units  for  the  adult. 

Rose  feels  that  pregnant  women  should  have  double  the  quantity 
of  vitamin  B  required  by  the  normal  adult,  while  nursing  mothers 
should  receive  triple  this  amount.  Baker  and  Wright  recommend  an 
intake  during  pregnancy  of  three  to  five  times  the  normal  requirement. 

The  dietary  records  of  the  employed  wage-earning  families  in  differ- 
ent urban  communities  in  the  United  States  (p.  19)  were  also  evaluated 
in  terms  of  average  vitamin  B  intake.  When  the  diets  of  these  families 
provided  at  least  the  "minimum  daily  requirements"  for  protein, 
calcium,  phosphorus,  iron,  and  calories,  they  usually  provided  as 
well  around  600  Sherman-Chase  units  (approximately  200  to  300 
International  Units)  of  vitamin  B  per  adult  per  day.  This  is  being 
used  as  a  very  tentative  standard  by  the  Bureau  of  Home  Economics  for 
purposes  of  evaluating  the  adequacy  of  diets  with  respect  to  vitamin  B. 

In  general  most  investigators  agree  that  the  vitamin  B  requirement 
is  directly  associated  with  the  calorie  intake.  There  is  evidence  that 
the  adult  needs  at  least  10  International  Units  per  100  calories  to  meet 
minimum  requirements  and  probably  in  the  neighborhood  of  one  and 
one-half  or  twice  this  amount  to  furnish  a  liberal  allowance.  There 
are  also  indications  that  the  rapidly  growing  and  well -nourished  child 
may  require  relatively  more  vitamin  B  per  100  calorie  intake  than  the 
adult.  Various  dietary  studies  in  both  the  United  States  and  Great 
Britain  have  shown  that  adults  receiving  adequate  diets  in  other  re- 
spects were  ingesting  approximately  300  to  400  International  Units 
of  vitamin  B  per  person  per  day. 

VITAMIN  C 

Measurement  of  capillary  resistance  and  the  determination  of 
ascorbic  acid  excretion  in  the  urine  have  been  suggested  as  means  for 
determining  the  state  of  vitamin  C  nutrition  of  an  individual. 

Measuring  the  strength  of  the  skin  capillaries  is  not  a  new  test, 
but  one  which  has  been  used  for  a  long  time  in  a  number  of  diseased 
conditions.  Hess  and  Fish  (303)  and  Hess  (299)  used  this  test  and 
found  marked  improvement  in  the  capillary  strength  of  children 
suffering  from  scurvy  after  the  ingestion  of  foods  rich  in  vitamin  C. 
A  quantitative  modification  and  development  of  the  method  was 
made  by  Gothlin  (246),  who  measured  not  only  various  degrees  of 
scurvy  but  also  low  standards  of  vitamin  C  nutrition  in  which  clinical 
symptoms  were  not  apparent. 
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Gothlin  employed  an  ordinary  arm  band  used  to  determine  blood 
pressure  for  measuring  capillary  fragility,  although  more  recently 
both  the  pressure  and  suction  type  of  instruments  (146)  have  been 
described  for  this  purpose.  After  subjecting  the  capillaries  and 
venules  of  the  arm  to  an  increased  intravascular  pressure,  35  to  50 
mm,  for  a  period  of  15  minutes,  he  noted  in  a  small  marked  area 
inside  of  the  elbow  any  rupture  of  the  capillaries  due  to  this  increased 
strain.  The  pressure  applied  should  always  be  below  the  diastolic 
pressure  of  the  subject,  in  order  not  to  obstruct  the  afflux  of  arterial 
blood.  Gothlin  proposed  a  system  of  scoring  based  on  the  number  of 
petechiae  occurring  in  the  test  area.  He  (247)  recommends  an  intake 
of  0.7  to  1.0  cc  of  orange  juice  daily  per  kilogram  of  body  weight.  This 
would  be  approximately  50  cc  of  orange  juice  or  19  to  27  mg  (380  to 
540  International  Units)  of  ascorbic  acid  per  day  for  a  60-kg  man. 

By  means  of  the  capillary  fragility  test,  Stocking  (674)  and  Dall- 
dorf  and  Russell  (148)  have  substantiated  Gothlin's  observations 
and  have  indicated  the  suitability  of  the  test  for  clinical  use.  Other 
investigators  (2,  289),  however,  have  been  unable  to  obtain  consistent 
results.  While  single  tests  may  not  give  reliable  results,  a  series  of 
measurements  made  over  a  period  of  time  and  showing  marked 
increases  in  capillary  resistance  with  increased  vitamin  C  intake  are 
of  distinctly  greater  value.  Dalldorf  emphasizes  the  importance  of 
using  the  test  in  this  way.  , 

More  recently  chemical  analysis  of  the  urine  for  ascorbic  acid  has 
been  used  extensively  and  appears  to  offer  a  more  promising  means  of 
detecting  the  existence  of  Adtamin  C  subnutrition.  However,  diffi- 
culties which  exist  in  making  the  test  strictly  quantitative  for  ascorbic 
acid  still  prevent  the  method  from  being  a  completely  satisfactory  one. 

Using  this  method  Harris  and  coworkers  (278,  279)  and  Abbasy, 
Harris,  Ray,  and  M arrack  (8)  showed  that  children  suffering  from 
mild  or  severe  scurvy  tend  to  excrete  less  vitamin  C  than  do  well- 
nourished  children  of  the  same  age.  Under  normal  conditions,  an 
adult  (140-pound  man)  on  an  adequate  intake  of  vitamin  C  will 
excrete  approximately  20  mg  of  ascorbic  acid  daily  in  the  urine.  On 
the  basis  of  body  weight,  the  results  with  children  are  well  in  line 
with  those  for  adults.  A  14-pound  infant  will  have  a  normal  daily 
excretion  of  about  2  mg  of  ascorbic  acid.  In  a  normal  subject,  a  large 
dose  of  vitamin  C  (100  mg  at  age  of  weaning  and  700  mg  for  a  140- 
pound  man)  causes  a  sharp  peak  in  urinary  ascorbic  acid,  which 
suggests  that  an  adequate  reserve  supply  of  the  vitamin  exists  in  the 
tissues  and  that  the  surplus  is  eliminated  by  way  of  the  urine.  With- 
holding vitamin  C  from  a  normal  subject  does  not  lower  the  quantity 
of  vitamin  C  excreted  in  the  urine  until  after  several  days  have  elapsed. 
On  the  other  hand,  these  investigators  showed  that  if  a  large  dose  of 
vitamin  C  is  administered  to  an  individual  who  for  a  period  of  time 
has  been  receiving  a  subminimal  quantity  of  this  vitamin  in  the  diet, 
there  will  be  considerably  less  response  in  the  urinary  excretion.  It 
may  take  the  administration  of  large  doses  for  several  days  before  the 
tissues  become  saturated  and  a  sharp  peak  in  excretion  occurs. 

Abbasy,  Harris,  and  coworkers  found  that  45  mg  of  ascorbic  acid, 
the  quantity  supplied  by  approximately  1%  oranges  given  daily 
for  a  period  of  3  weeks,  raised  the  excretion  of  vitamin  C  to  about 
32  mg  per  day,  while  15  mg  of  ascorbic  acid  caused  a  constant  excre- 
tion of  15  mg  daily.     They  showed  that  persons  excreting  less  than 
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15  mg  of  vitamin  C  daily  were  receiving  only  border-line  protection. 
From  their  experiments  it  would  seem  that  a  daily  intake  of  15  mg 
(300  International  Units)  of  ascorbic  acid  would  cover  minimum 
requirements  with  very  little  margin  of  safety. 

In  accordance  with  Harris  and  coworkers,  Hess  and  Benjamin  (301) 
and  Harde  and  coworkers  (270)  found  that  in  certain  cases  it  was 
possible  to  have  a  hypovitaminosis  even  though  the  excretion  of 
vitamin  C  in  the  urine  was  within  normal  limits.  An  excessive 
intake  of  vitamin  C  would  not  cause  an  immediate  peak  in  the 
urinary  excretion  of  this  vitamin  in  these  cases,  since  increased  ex- 
cretion of  vitamin  C  takes  place  only  after  bodily  needs  have  been 
supplied. 

Hawley  and  coworkers  (289)  found  such  large  individual  varia- 
tions in  the  ascorbic  acid  excretion  of  normal  subjects  that  they 
questioned  the  validity  of  the  test.  They  (288)  reported  that  ascorbic 
acid  content  could  be  correlated  with  the  pH  of  the  urine. 

Scurvy  is  comparatively  rare  in  breast-fed  infants.  Harris  and  Ray 
(278)  found  that  human  milk  contains  three  to  four  times  as  much 
vitamin  C  as  cows'  milk  taken  directly  from  the  udder.  Selleg  and 
"King  {639)  reported  that  average  market  milk  contains  in  the  neigh- 
borhood of  0.01  mg  of  ascorbic  acid  per  cubic  centimeter,  and  found 
that  human  milk  from  mothers  on  normal  diets  contained  approxi- 
mately 0.055  to,  0.064  mg  of  ascorbic  acid  per  cubic  centimeter. 
These  workers  calculated  that  the  vitamin  C  intake  for  a  normal  infant 
is  approximately  40  to  50  mg  of  ascorbic  acid  (800  to  1,000  Inter- 
national Units)  per  day  for  the  first  few  weeks  of  life.  Neuweiler 
(547)  found  the  vitamin  C  requirement  of  pregnant  women  to  be 
greater  than  that  of  nonpregnant  women,  while  the  requirement  of 
women  during  the  lactation  period  is  greatest  of  all. 

Rose  (605)  suggests  that  7  Sherman  units  of  vitamin  C  will  protect 
an  infant  from  scurvy.  However,  she  recommends  three  times  this 
amount  as  a  liberal  allowance  during  approximately  the  first  10  years 
of  childhood,  or  so  long  as  the  calorie  intake  remains  below  2,000 
calories  per  day.  For  the  older  child  she  recommends  a  dietary 
standard  of  1  Sherman  unit  per  100  calories  to  provide  for  "added 
requirements  of  growth  and  activity' '  and  for  the  adult,  30  Sherman 
units.  This  would  correspond  roughly  to  300  to  450  International 
Units  per  adult  per  day. 

Szent-Gyorgyi  (685)  estimated  the  effective  daily  dose  of  vitamin  C 
for  an  infant  at  25  mg,  while  Salter  (626)  suggested  tentatively  35  mg. 
In  terms  of  International  Units  this  is  approximately  500  and  700, 
respectively. 

In  an  attempt  to  determine  the  vitamin  C  needs  of  young  children 
of  preschool  age,  Everson  and  Daniels  (213)  found  that  the  daily  in- 
gestion of  approximately  7.5  mgof  ascorbic  acid  per  kilogram  of  body 
weight  induced  maximum  retention  of  this  vitamin.  For  a  17-kg 
child  this  level  of  intake  would  correspond  to  128  mg  of  ascorbic  acid 
or  to  about  2,500  International  Units  of  vitamin  C  per  day. 

The  Committee  on  Nutritional  Problems  of  the  American  Public 
Health  Association  (14)  in  1934  estimated  that  100  International  Units 
of  vitamin  C,  equivalent  to  approximately  10  cc  of  orange  juice,  will 
protect  an  infant  from  scurvy.  They  calculated  that  approximately 
300  International  Units  would  be  necessary  for  an  adult. 
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Recently  the  Council  on  Pharmacy  and  Chemistry  of  the  American 
Medical  Association  (12)  has  indicated  that  the  claim  for  a  product  as 
a  valuable  source  of  vitamin  C  "should  be  permitted  only  if  it  provides 
a  daily  intake  of  at  least  250  units"  (International)  of  vitamin  C. 

Dann  and  Cowgill  (152)  found  the  factor  of  metabolic  rate  to  be 
insignificant  in  determining  vitamin  C  requirement. 

The  weekly  dietary  records  of  a  large  group  of  employed  wage- 
earning  families  living  in  urban  communities  in  the  United  States 
(pp.  19  and  22)  were  recently  summarized  in  terms  of  the  different 
essential  nutrients  consumed  per  adult.  Diets  which  provided  at 
least  the  "minimum  daily  requirements"  for  calories,  protein,  calcium, 
phosphorus,  and  iron  usually  provided  about  150  Sherman  units 
(roughly  1,500  International  Units)  of  vitamin  C  also.  The  vitamin 
C  intake  was  computed  using  the  vitamin  C  values  for  uncooked  foods, 
so  that  this  estimate  does  not  take  into  account  any  losses  that  may 
have  taken  place  during  cooking.  This  allowance  of  vitamin  C  is 
being  used  tentatively  bv  the  Bureau  of  Home  Economics  in  appraising 
the  adequacy  of  diets  with  respect  to  vitamin  C. 

In  summarizing  the  various  estimates  for  vitamin  C  requirements, 
the  indication  is  that  100  to  200  International  Units  per  day  will 
protect  an  infant  from  scurvy.  The  normal  breast-fed  infant  probably 
receives  approximately  800  to  1,000  International  Units  daily  for  the 
first  few  weeks  of  life.  Vitamin  C-balance  studies  on  the  preschool 
child  suggest  that  around  2,000  to  3,000  International  Units  per  day 
may  be  required  for  rapid  growth  and  for  maximum  retention  of 
vitamin  C.  The  estimates  for  the  adult  range  from  300  International 
Units,  suggested  as  a  minimum  requirement,  to  an  allowance  of  about 
1,500  International  Units,  computed  from  dietary  surveys  on  the 
basis  of  the  vitamin  C  content  of  the  uncooked  foods. 

VITAMIN  D 

In  the  past  the  diagnostic  signs  of  vitamin  D  deficiency  indicated  by 
rickets  and  determined  by  physical  examination,  X-ray  study  of  long 
bones,  or  the  chemical  analysis  of  the  blood  serum  for  phosphorus,  have 
all  been  used.  The  results  have  not  been  interpreted  in  the  same  way 
nor  the  findings  expressed  in  the  same  terms  by  different  investigators. 
Kay  (884)  observed  that  in  rickets  there  is  a  marked  rise  in  blood 
phosphatase,  and  during  the  last  5  years  several  investigators,  among 
them  Bodansky  and  Jaffe  (65),  Smith  (655),  and  Barnes  (35),  have 
attempted  to  apply  this  observation  in  testing  for  the  presence  of 
rickets.  A  rise  in  blood  phosphatase  may  accompany  other  disorders 
than  rickets  and  is  therefore  not  a  specific  test.  Clinically,  X-ray 
examination  of  the  long  bones  is  more  generally  used. 

Notwithstanding  the  extensive  work  which  has  already  been  done  to 
estimate  the  requirement  for  vitamin  D,  there  is  still  lack  of  general 
agreement.  Much  more  clinical  work  will  be  necessary  before  adequate 
information  is  available. 

Evidence  presented  by  Hess  and  Lewis  (804)  indicates  that  the 
human  requirement  for  vitamin  D  is  greatest  in  infancy  and  that  after 
the  first  2  years  the  danger  of  developing  rickets  is  greatly  diminished. 
Drake,  Tisdall,  and  Brown  (175)  found  that  the  more  slowly  growing 
infants  are  less  susceptible  than  those  growing  more  rapidly  than 
normal.  The  Council  on  Pharmacy  and  Chemistry  of  the  American 
Medical  Association  (12)  states  that  there  is  no  tangible  evidence  on 
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the  actual  vitamin  D  requirement  of  the  adult,  although  it  appears 
that  the  requirement  is  increased  during  pregnancy  and  lactation. 
For  rulings  made  by  the  council  concerning  the  vitamin  D  potency  of 
preparations  which  may  be  advertised  to  the  public  see  page  19. 

A  minimum  daily  requirement  of  approximately  450  U.  S.  P.  units 
for  an  infant  was  suggested  by  Barnes,  Brady,  and  James  (36).  The 
Children's  Bureau  of  the  United  States  Department  of  Labor  (704) 
recommended  one-half  teaspoon  of  cod-liver  oil  twice  daily  for  infants 
2  to  3  weeks  old,  1  teaspoon  twice  a  day  during  the  second  month, 
and  1%  to  2  teaspoons  daily  for  infants  of  over  3  months.  Hess  and 
Lewis  (804)  placed  the  minimum  protective  dose  of  cod-liver  oil  for 
the  infant  at  250  Steenbock  units.  This  dose  would  correspond  to 
about  750  International  Units.  Drake,  TisdaJl,  and  Brown  (175) 
found  that  1  teaspoon  of  cod-liver  oil,  estimated  at  130  Steenbock 
units,  or  approximately  400  International  Units,  wras  sufficient  in 
most  cases  lor  the  prevention  of  rickets.  Barnes  (35),  however,  was 
unsuccessful  in  obtaining  protection  when  administering  a  dose  as 
small  as  that  indicated  by  Drake. 

Many  physicians  advise  2  teaspoons  of  high-grade  cod-liver  oil 
(corresponding  to  at  least  700  to  80Q  International  Units)  as  a  pro- 
phylactic dose  for  the  infant.  Harris  (272)  provisionally  recom- 
mended 1,500  International  Units  of  vitamin  D  for  ordinary  pro- 
phylactic use. 

In  1933  Hess  and  Lewis  (304)  indicated  that  the  same  number  of 
"rat  units"  of  vitamin  D  from  different  sources  did  not  offer  the  same 
protective  or  curative  effect  (p.  8). 

Eliot,  Nelson,  and  coworkers  (202)  in  an  extensive  clinical  study 
compared  the  efficacy  of  cod-liver  oil,  viosterol,  and  vitamin  D  en- 
riched milks  in  preventing  rickets  as  indicated  by  X-ray  examination. 
They  came  to  the  conclusion  that  under  comparable  conditions,  675 
units  of  vitamin  D  as  irradiated  ergosterol  were  just  as  effective  in 
preventing  rickets  as  675  units  of  vitamin  D  administered  in  the  form 
of  cod-liver  oil.  These  authors  reported  a  few  cases  of  slight  rickets  in 
infants  receiving  675  International  Units,  a  dose  which  they  believe  to 
be  near  the  minimum  protective  level. 

On  the  other  hand,  Jeans  (359)  reports  that  milk  enriched  with 
animal-source  vitamin  D  containing  135  International  Units  per  quart 
furnishes  about  the  minimum  level  effective  in  preventing  rickets. 
However,  Jeans  particularly  emphasizes  that  prevention  of  rickets  is 
no  criterion  of  the  adequacy  of  vitamin  D  intake.  He  recognizes  that 
the  vitamin  D  requirement  must  provide  for  "best  growth  and  suitable 
calcium  retention"  in  addition  to  prevention  of  rickets.  Four 
hundred  International  Units  of  animal-source  vitamin  D,  supplied  as 
vitamin  D  milk  or  cod-liver  oil,  were  found  to  meet  these  requirements, 
although  his  observations  have  not  yet  indicated  how  much  in  excess 
this  may  be  of  the  minimum  requirement.  Based  on  clinical  evidence, 
Jeans  states  that  vitamin  D  of  animal  origin  appears  to  be  roughly 
about  one  and  one-half  times  more  potent  for  the  human  being  than 
the  vitamin  D  of  vegetable  source. 

The  Nutrition  Committee  of  the  League  of  Nations  Health  Organ- 
isation (89)  indicated  that  the  vitamin  D  requirement  depends  on 
the  form  in  which  vitamin  D  is  given.  The  committee  further  sug- 
gested that  allowances  of  vitamin  D  be  increased  when  the  diet  is 
deficient  in  calcium,  wiien  it  contains  much  cereal,  and  when  little 
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sunlight  is  available.  There  are  few  natural  food  sources  of  vitamin 
D.  Exposure  to  direct  sunlight  is  a  substitute  for  vitamin  D  therapy 
and  is  to  be  preferred  when  adequate  sunlight  is  available. 

The  results  of  various  empirical  estimates  and  judgments  based  on 
experimental  evidence  indicate  lack  of  agreement  concerning  the 
vitamin  D  requirement  of  the  infant.  Different  workers  have  reported 
values  as  low  as  135  International  Units  and  as  high  as  675  Inter- 
national Units  of  Vitamin  D  as  the  approximate  minimum  require- 
ment necessary  to  prevent  rickets.  On  the  other  hand,  a  quantity 
of  vitamin  D  milk  or  cod-liver  oil  containing  400  International  Units 
of  vitamin  D  was  reported  to  be  adequate  for  best  growth  and  suitable 
calcium  retention  in  addition  to  the  prevention  of  rickets.  Many 
physicians  recommend  the  use  of  2  teaspoons  of  cod-liver  oil  which 
contain  roughly  700  to  800  International  Units  as  a  prophylactic  dose. 

VITAMIN  E 

Vitamin  E  has  not  yet  been  sufficiently  identified  to  enable  even 
the  crudest  of  requirement  studies  to  be  made.  The  American  Public 
Health  Association  committee  (14)  concluded  that  if  vitamin  E  is 
required,  it  apparently  is  adequately  supplied  in  our  dietaries  and 
need  not  be  a  matter  of  particular  concern.  Recently  the  Council  on 
Pharmacy  and  Chemistry  of  the  American  Medical  Association  (12) 
found  "no  evidence  to  indicate  that  vitamin  E  has  therapeutic  merit.' ' 

VITAMIN  G 

Vitamin  G  has  been  shown  to  be  essential  for  the  growth  of  small 
experimental  animals  and  in  association  with  a  protein  to  form  an 
oxidation-reduction  enzyme  of  living  cells.  When  methods  for  deter*- 
mining  and  isolating  the  various  factors  of  the  vitamin  B  complex 
have  been  more  adequately  worked  out,  it  will  be  possible  to  carry 
out  balance  studies  as  suggested  by  Helmer  (297)  and  in  a  rough  way 
make  certain  estimations  concerning  the  human  requirements  of  each. 

The  vitamin  G  intake  has  been  estimated  from  the  dietary  records 
of  employed  wage-earning  families  in  different  urban  communities  in 
the  United  States  (p.  19).  Diets  which  supplied  at  least  the  "mini- 
mum daily  requirements"  for  calories,  protein,  calcium,  phosphorus, 
and  iron  usually  carried  about  600  Bourquin-Sherman  units  of  vitamin 
G  per  adult  per  day.  For  lack  of  any  more  acceptable  standards,  a 
daily  allowance  of  600  units  of  vitamin  G  for  adults  is  being  used 
tentatively  by  the  Bureau  of  Home  Economics  in  appraising  the 
adequacy  of  diets  with  respect  to  vitamin  G. 

PELLAGRA-PREVENTING  VITAMIN 

Until  more  is  known  about  the  factor  or  factors  preventing  pellagra, 
very  little  can  be  said  about  the  requirement  for  this  vitamin. 

Dried  yeast  is  the  richest  known  source  of  the  pellagra-preventing 
(P-P)  vitamin.  According  to  Walker  and  Wheeler  (710)  30  g  of 
dried  yeast  daily  is  probably  the  smallest  amount  which  will  provide 
protection  against  pellagra.  Sebrell  (637)  compiled  a  list  of  all  foods 
that  have  been  thoroughly  tested  for  their  pellagra-preventing  proper- 
ties, and  indicated  the  relative  value  of  each  in  preventing  this 
disease. 
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Stiebeling  and  Munsell  (67 S)  found  that  families  using  on  the 
average  2^  cups  of  milk,  3  ounces  of  fruit  and  succulent  vegetables, 
and  about  3  ounces  of  lean  meat  per  person  per  day  were  free  from 
pellagra.  On  the  basis  of  this  study  Rose  (605)  recommends,  to 
prevent  pellagra,  a  diet  containing  daily  a  pint  of  milk  for  every 
adult  and  a  quart  for  every  growing  child,  supplemented  by  fruits 
and  vegetables  in  generous  quantities. 

TABULAR  DATA  ON  THE  VITAMIN  CONTENT  OF  FOODS 

Studies  to  determine  the  value  of  foods  as  sources  of  a  given  vitamin 
have  generally  been  initiated  soon  after  the  vitamin  was  discovered 
and  considerable  information  on  the  occurrence  of  vitamins  in  foods 
has  accumulated  during  the  last  20  to  25  years.  The  principal  object 
of  this  bulletin  is  to  bring  this  material  together  in  a  concise  and 
usable  form. 

All  likely  source  material  up  to  January  1,  1936,  has  been  carefully 
searched  and  any  data  on  the  vitamin  A,  B,  C,  D,  and  G  content  of 
foods  that  could  in  any  sense  be  considered  quantitative  have  been 
scrutinized  and  evaluated.  This  material  is  summarized  in  table  1. 
Considerable  unpublished  data  from  State  agricultural  experiment 
stations  and  other  laboratories  where  vitamin  studies  are  under  way 
are  also  included.  Values  for  vitamin  E  are  not  given,  since  no  unit 
has  been  generally  accepted  for  this  vitamin  and  therefore  data 
could  not  be  interpreted,  in  a  quantitative  sense.  Vitamin  E  seems 
to  be  widely  distributed  in  natural  food  products,  and  even  if  an 
essential  constituent  of  the  human  dietary,  there  is  small  chance  of 
selecting  a  diet  deficient  in  this  vitamin.  Vitamin  G  values  as  ex- 
plained in  the  discussion  of  the  chemistry  of  this  vitamin  may  for  the 
most  part  be  accepted  as  essentially  measures  of  growth-promoting 
flavin. 

At  the  time  plans  were  drawn  for  this  summary  of  quantitative  vita- 
min data,  serious  consideration  was  given  to  the  question  of  units  to  be 
used.  It  was  realized  that  in  the  future  the  International  Units  would 
probably  be  generallv  accepted  for  expressing  vitamin  potency.  How- 
ever, most  of  the  values  reported  up  to  the  time  of  the  compilation  of 
these  data  were  expressed  in  the  older  units,  the  majority  in  Sherman 
units.  Factors  for  converting  these  into  International  Units  cannot 
be  satisfactorily  determined  (p.  12).  In  view  of  these  facts  it  seemed 
better,  therefore,  when  values  were  not  reported  as  International 
Units,  to  express  those  for  vitamins  A,  B,  C,  and  G  in  Sherman  units 
and  vitamin  D  in  A.  D.  M.  A.  units.  When  it  was  necessary  to  inter- 
pret data  in  order  to  evaluate  the  results  in  the  desired  units,  every 
effort  was  made  to  do  this  consistently  and  logically. 

In  summarizing  the  material  in  tabular  form  every  attempt  was 
made  to  list  the  individual  foods  so  that  the  item  sought  could  be 
located  easily.  Under  each  food  the  values  available  for  the  whole 
product  are  given  first  in  the  following  order:  Fresh,  fresh  stored,  frozen, 
frozen  stored,  dried,  dried  stored,  and  so  on.  Values  for  parts  of 
vegetables  and  fruits  when  reported  are  given  directly  after  the  values 
for  the  whole  product.  The  data  on  cooked  or  processed  foods  have 
been  disregarded  since  presentation  of  this  material  did  not  seem  feas- 
ible at  this  time  because  of  the  lack  of  standardized  cooking  procedures. 
The  values  listed  may  be  assumed  to  apply  to  the  edible  portion  only. 
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The  description  and  identification  of  the  food  or  food  product  is  that 
given  in  the  report  from  which  the  data  were  taken.  In  a  large  major- 
ity of  cases,  however,  little  information  other  than  the  name  of  the 
food  was  given.  It  was  often  almost  impossible,  for  instance,  to 
determine  whether  vegetables  or  fruits  were  peeled  before  testing, 
whether  the  juice  of  fruits  or  the  flesh  was  used,  whether  the  seeds  of 
fruits  were  removed  before  feeding,  and  many  other  facts  which ,  if  they 
had  been  available,  would  have  added  to  the  significance  of  the  data. 
If  investigators  whose  reports  are  included  in  this  compilation  would 
supply  the  authors  with  such  missing  data,  future  editions  of  this 
bulletin  could  be  made  more  useful. 

Since  the  time  of  identification  of  vitamin  C  as  ascorbic  aeid,  con- 
siderable information  has  accumulated  on  the  ascorbic  acid  content  of 
foods.  These  determinations  have  been  made  chemically,  and  it 
seemed  better  to  report  them  by  weight  of  pure  vitamin  as  the  investi- 
gators have  done  than  to  interpret  this  quantity  in  terms  of  biological 
response.  The  ascorbic  acid  data  are  accordingly  summarized  in 
table  2. 

To  meet  the  needs  of  workers  requiring  single  values  for  use  in 
planning  or  analyzing  diets,  there  is  an  abridged  table  of  the  more 
common  foods  (table  3).  These  values  are  not  averages  but  were 
derived  by  a  careful  consideration  of  the  data,  the  source,  and  the 
method  of  determination,  and  represent  the  best  judgment  of  the 
authors. 
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Cows  on  dry  feed  or  silage 

Cows  receiving  no  sunshine 

Freshly  drawn 

do          

Beginning  of  lactation  period 

do 

Cows  of  different  breeds:  Undif- 
ferentiated  

Jersey: 

6.2  percent  fat,  February 

Adjusted  to  3.5  percent  fat, 

January. 
Adjusted  to  3.7  percent  fat, 

March. 
Adjusted  to  3.5  percent  fat, 

June. 
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Ayrshire: 

Adjusted   to  3.4  percent  fat, 

April. 
Adjusted  to  3.4  percent  fat, 
May. 
Guernsey: 
4.0  percent  fat,  June      . 
Adjusted  to  3.5  percent  fat, 
June. 
Cows  receiving  additional  vitamin 
1): 
Zucker's    cod-liver   oil   concen- 
trate: 

6,000  units  daily... 

15,000  units  daily __ 

40,000  units  daily 

60,000  units  daily 
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radiated  ergosterol : 

60,000  units  daily... 

60,000  units  daily,  May  13  to 

June  6. 
100,000  units  daily 

120,000  units  daily,  Sept.  12  to 

Oct.  12. 
180,000  units  daily 

200,000  units  daily. 

radiated  yeast: 

30,000  units  daily. 

fiO.nnn  units  da.il  v 

May  13  to  June  6 

100,000  units  daily. 

( Jontaining  3,500  units  of  vita- 
min \\. 

120,000  units  daily,  Sept.  12  to 
Oct.  12. 

180,000  units  daily... 

200,000  units  daily 

30D,  10  ounces  7  a.  m.,  milk 

tested  same  evening. 
30D,  10  ounces  7  a.  m.,  milk 

tested  next  evening. 
30D,  10  ounces  7  a.  m.,  milk 

tested  third  evening. 
unlight: 

Various  amounts 

July  to   October,  ration   de- 
ficient in  vitamins  A  and  D. 
ows  irradiated i 

15   minutes   daily,    dry   feed 
ration. 
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Table  3. — A  digest  of  quantitative  values  for  the  vitamin  A,  B,  C,  Dy  and  G  content 

of  foods 


Units  i  per  100  g  of— 

Food 

Vitamin 

A" 

Vitamin 

B3 

Vitamin 
C 

Vitamin 
D 

Vitamin 
G* 

Alfalfa  leaf  meal  (dried)  5 

12, 000 

100 
25 

80 

20 

25 

10 
4 
6 

20 

IS 

Northern  Spy,  Spitzenberg,  and  Stay- 

5,400 
7,000 

280 

Artichoke: 

Globe  

55 

Asparagus: 

700 

0 

500 

275 

1,000 

0 

1,000 

40 
40 
18 
18 
5 
0 

25 

55' 

30 

100 
110 

40 

1,000 

250 

50 

35 

100i 

Bean: 

25 

(8) 

75 
0 

125 

Beet                                                    .. 

10 

m 

250 

Blackberry ... 

200 

8 

23 
6 

18 

Blueberry: 

25 

140 

7,000 

65 

35 
65 

275 

Flower  and  stem .             

Leaf                     .     -     --_ 

30.000 

1,500 

300 

275 

75 

55 

220 

Butter: 

2,200 
1,200 
3,500 

50 
0 

80 
40 
150 

• 

Cabbage,  head: 

50 
50 

55 
55 
55 
50 
0 
35 

7 

■    7 
55 

10 
10 

80 

40- 

Red 

2,000 

0 

425 

3,000 

5,500 

50 

1,500 

15 

17,  200 

2,500 

80 

3,500 

1,  250 

25 
0 
20 

50 
50 

25 

0 

Carrot: 

50 

50 

60 

Celery,  stalks: 

Chard 

Cheese : 

Cheddar... 

200 

45 

Cherry.  . 

20 

20 

200 

450 
800 

Napoleon    (Royal    Ann)    and    Early 

Late  Duke  and  Montmorency 

1  Values  for  vitamins  A,  B,  C,  and  G  are  given  in  Sherman  units  and  for  vitamin  D  in  International 
Units. 

2  Value  of  0  indicates  that  the  food  contains  too  little  vitamin  A  to  be  of  practical  significance. 

a  Vitamin  B  differentiated  from  vitamin  G  unless  marked  with  an  asterisk  (*)  indicating  that  the  value 
was  determined  before  recognition  of  vitamin  G.  The  figures  marked  with  an  asterisk  may  not  be  maximum 
values. 

'  Vitamin  B  values  determined  by  the  rat-growth  method  before  recognition  of  vitamin  G  also  indicate 
vitamin  G  potency.  These  figures  are  marked  with  an  asterisk  and,  as  in  the  case  of  vitamin  B,  may  not 
Indicate  maximum  potency. 

•  Included  because  of  its  rather  extensive  use  in  reinforced  cereals  and  infants'  foods. 

«  Trace. 
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Table  3. — ^4  digest  of  quantitative  values  for  the  vitamin  A,  B,  C,  D,  and  G  content 

of  foods — Continued 


Units  per  100  g  of— 

Food 

Vitamin 
A 

Vitamin 
B 

Vitamin 
C 

Vitamin 
D 

Vitamin 
G 

110 

30 

55 

50 

*500 

*500 

(") 

Clam 

20 
5 

5 

Codfish.. -  .      .  ...  ... 

:::::::::::: 

Collard 

4,500 

60 

100 

17 

100 

0 

600 

0 

0 

0 

250 

20 

750 

25 

25, 000 

140 

19, 000 

50 

1,000 

0 

3,000 

130 
130 

0 

470 
-0 

170 

0 

0 

:::;:::::::; 

140 

0 

25 

0 

0 

25 

40 

0 

0 

0 

7 
0 

50 
0 

150 

15 
0 
45 

110 

80 

Yolks 

170 

5 
20 
10 
4 
0 
0 
50 
3 
0 
52 
65 

20,000 
40 
36 
0 

95 

Fig 

35 
33 
5 

50 

40 

25 
0 
0 
0 
5 

20 

0 
20 

0 

0 

40 

220 

Heart: 
Beef 

300 

88 
0 

0 

0 
200 

0 

0 

Kale 

30,000 

50 

200 

Kidney: 



900 

825 

88 
*25 

110 

*25 

14, 000 
5 

55 

25 
65 

8 
8 

0 

4,000 
125 

Lettuce: 

35 
35 

75 

50 

25 

Liver: 
Beef 

45 
10 
17 
44 

2 

1 
4 

1,000 

Calf 

7,300 

900 

Pig 

8,000 

165 
80 
250 

Milk,  whole: 

20 
20 
20 
150 

0 

1 
3 
0 

60 

30 

90 

500 

650 

2,000 

2 

20 



180 

0 

135 

625 



Oats...    . -.     

0 
600 

0 



Okra 

»  Same  as  apples  from  which  made. 

1  The  values  given  on  the  container  should  be  used. 
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Table  3.— '-A  digest  of  quantitative  values  for  the  vitamin  A,  B,  C,  D,  and  G  content 

of  foods- — Continued 


Units  per  100  g  of— 

Food 

Vitamin 
A 

Vitamin 
B 

Vitamin 
C 

Vitamin 
D 

Vitamin 
G 

Olive,  canned: 

280 

250 

100 

0 

0 

67 

200 

75,  00C 

3 

0 

6 

0 

0 

10 
60 
150 

15 

65 

10 

35 

5 

150 

75 

*50 
140 

Pea: 

1,  0CG 
1,250 

5 
1,000 
4,500 

40 
0 

12 

*50 

Dried 

125 

Peach: 

White                  ... 

Yellow.          

50 

650 

*35 

•100 

•12 

200 

Pear  .                                           ."___"__. 

12 
200 

950 

5,500 

250 

80 

7 

75 

*100 

Pepper: 

200 
250 

*12 

B,ed                                   

*300 
50 

200 

25 

20 

10 

Plnm                                                          ._     __ 

0 

40 

2,000 

2,500 

370 
40 

125 

Potato..-.                                 -              _     _- 

15 
8 

16 

10 
9 

50 
0 

35 

25 

260 

♦25 
0 

*25 

70 

Raspberry      -.                  .        ...  .. 

Rice: 

Brown.     _         -._  . 

110 

0 

600 

140 

0 

0 

75 

Roe .. 

3.00C 

Rutabaga: 

White  or  yellow.             .....    _  . 

40 

White 

0 

45 
0 

Rye.     ... 

110 
500 

60 

Soybean,  dried,  yellow  .... 

900 

25,  000 
2,000 

80 

125 

Squash,  Britton.            .      .      _     ._ 

50 
15 
50 

25 
30 

40 

5, 000 

70 

35 

Tangerine...        ..     ...... 

Tomato: 

800 
1,500 

33 
35 

30 

12 

Turnip: 

20 

White 

0 
16 

Yellow 

60 

100 

3O0 

Veal 

125 

60 

17 

150 

200 

1,200 

100 

14 
0 

100 

90 

15 

0 

14 

Wheat 

80 

Germ .  .     .     ... 

300 

High. 
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